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I PREFACE

This handbook presents the methods used in testing and
evaluating aircraft environmental control subsystems at the
Air Force Flight Test Center (A'FTC), Edwards AFB, California.
The work was done under the authority of the Study Plan forDevelopment of a Handbook for Aircraft Environmental Control

Subsystem Testing.

The format of this handbook is chosen to make it easily
used by project engineers of the Subsystems Branch, Airframe•?:, Systemis Div'ision of Flight Test Engineering, AFFTC. It isoesigned to introduce a newly assigned flight test engineer

to the subject and provide a working reference for planning
and conduct of environmental control subsystem flight tests
and analysis, evaluation and reporting of results.

L7I

ri

, 
17

>/ , 

r

'I"

. . "P " ' • - • m t i ,n . . ..

1 •tl~~~~-'. :f:r.



TABLE OF CONTETS

P_,,ge No

LIST OF TABLES 8

LIST OF ILLUSTRATIONS 9

INTPODUCTION 11

OBJECTIVES AND ENVIRONMENT OF AFFTC TESTS 12

Position of ArrTC in the Development 12
and Evaluation Process

Agencies Involved 12

Multi-Purpose Flight Tests 14

ECS 'UNCTIONS AND EL.:ME.17TS 15

E~ngine Compressor Bleed Air System 16

Air Conditioning and Pressurization 17

Press uri zation 19

Temperature Control 19

Basic Closed Air Cycle System 20

Open Air Cycle Systems 20

Basic Open Air Cycle System 20

Bootstrap Type System 23

Regenerative Air Cycle System 23

Basic Vapor Cycle System 23

Combination Vapor/Air Cycle System 23

Water Separators 27

1rxamples of Actual Systems 27

Avionics/Efquipment Cooling and Pressurization 29

-P r.-3A r.quipment Cooling 29

i.# F-15A Equipment Cooling 36

3



Anti-icing, Defrosting and Defogging, Rain Removal 36

Anti-Icing of Mon-Transparent Area. 36

Anti-Icing of Transparent Areas 40
Defrosting and Defogging 40

eHemoval of Rain, Insects, Salt and Dust 42

Oxygen Supply 44

1UrQUITkEM1ENTS AND PROBWM1 AREAS 47

N.Fngine Blood Air System 49

Presgurization of Occupied• Comp~artments, 49

Perforvance and Functional Requirements 49

Desiqn Requirements S0

Discussion 511 Supply of Pressure to Equipment, Reservoirs, 51
Inflatable Seals, Suits

Air Conditioninq of Occupied Compartments 52

Performance and Functional Requirements 52

Design Requirements 53

ni!;cussion 53

Fiquipment Conditioning 54
Porformance dnd Functional Requirement.; 54

Design Requii ements 56

D iscussion 56

:. Anti-Icing of Mon-T rans parent Areas 57

|.'• • nvironmental Protection of Transparent Areas 5

::'Oxygen S3upply so

SPLAW.'IT,;I or rLTG11T TESTS 60

SBackground of Test Program 60I -

4

ýv



Page No.

Character of ECS Tests 61

All-Weather Testing 62

Test Requiremeit3 for RCS Components 62

Bloed Air System 62

Test Objectives 62

Test Conditions and Proceduros 65

Data and Support Requirenents 65

pressurization of Occupied Compartments 65

Test Objectives 65

Test Conditions and Procedures 66

Data and Support Requirements 66

Pressurization of Equipment Compartments 66

Test Objectives 66

Test Conditions and Procedures 67

Data and Support Requirements G7

Pressurization of Subsystem Resorvoirs, Inflatablo 67
Seals and Suits

Test Objectives 67

Test Conditions and Procedures 67

Data and Support Requirements 68

Air Conditioning of Occupied Compartments 68

Test Objectives 68

j Test Conditions and Procedures 69

Data and Support Requirements 70
ip&

W- .kr



Page •o.

Equipment Air Conditioning 70

Test Objectives 70

Test Conditions ai.0 Procedures 71

Data ane Support Requrements 71

Anti-Icing of Non* •iransparent Areas 71

Test Objectives 72

Test Conditions and Procedures 72

Data and Support Reqixirenents 72

Anti-Icing of Transparent Areas 72

Test Objectives 72

Test Conditions and Procedures 73

Data and Support Requirements 73

Defrosting and Defogging of Transparent Areas 73

Test Objectives 73

Test Conditions and Procedures 73

Data and Support Requiirements 74

Removal of Rain and Snow from Transparent Areas 74

Test Objectives 74

Test Conditions and Procedures 74

A Data and Support Requirements 75

Protection Against Dust, Salt or Insects 75

Test Objectives 75

"Test Conditions and Procedures 75

Data and Support Requirements 76

Oxygen Systems 76

Test Objectives 76

6iL _______



Test CondLtions and Proco lures 76

Data and ,;upport Requirnments *#6

DATA flrASURr,=NT, ANIALYSIS AND EVALUlATION 77

REFERENlCES 86

APPENDIX A -SUIOABY OF SPECIFICATION REQUIRCMENTS MR~ 87
J ~ENVIIM)NMENTAL CONTROL SUBSYSTEMS

i

t ,APPEN•I.X S - EXAMPLE OF TEST. INFORMATIONl SH TVT 127

APPENr.IX C -AN4ALYSIS,, EVALUATION AND PRESENT"ATION or 137
i •TEST RESTITS

!I

iAPPENDIX D -MIEASUIRE1ENT OF LW% RATr'S OF OCCUPIED 153
I ~COMPARTH1Z?"rS

I

p

12"
_!7



I LIST OF TABLES

Table N~o. Titlo raic ,o.

1 Interest and Roeponsibil.tis of Ilajor 13
Agencies Znvolved in DT&H P'iqht Test

! ~of WM:

S2 Relation of Flight Profiles to 63

S •. Component Tes ts

3i Example of ECS Initrumentation 79

Parameter List

.

2

I

i I - -i

? !



LIST OF ILLITTRATIONS

Figure No. Title Page No,

1 P-15 Canopy Inflatable Seal System 18

2 Basic Closed Air Cycle System 21

3 Basic Open Air Cycle System 22

4 Bootstrap Cooling System 24

5 Basic Vapor Cycle Syste'a 25

6 Coaeinatlon Vapor/Air Cycle Systems 26

7 F-15 Environmental Co,'trol Subsystem 20

a E-3A Forward Forced Air Cooling System 31

f)9 H-3A Aft Forced Air Cooling System 32

10 E-3A Draw Throuqh Air Cooling System 33

11 E-3A Liquid Cooling System 34

"12 E-3A Antenna Pedestal Cooling System 35

13 F-15A Fuel Cooling of Equipment 37

14 Effect of Speed on Icing Requirements 39

1 15 F-i.. Anti-Ice System 41

16 F-15 Anti-Fog System 43

17 Schematic of Liquid Oxygen Convertor 45

18 Operational Requirements for Convection 55
Cooled Electronic Equipment

19 Climatic Extremes Windows 64

I

• 9

! i-



INTRODUCTION

The purpose of this !3andbook is to provide tht AflTC fliqht
test engineer responsible for evaluation of an airplane environ-
mental control system [OCS) with the background,, philosophy &M'dprocedures for planning# conduct, data analysis and evaluation

of ECS tests. Zt in advisory in nature and neither supersedea
Air Porce requirements nor relioves the Plight Test Engineer of
the exercise of judgoment in its application.

The subjects addressed include the followings

1. The objective of the AFVTC evaluation and Its
relationship to desiun requirements and to the needs of the
operational user.

2. CCS elements and basic functions.

3. A review and analysis of requirevents.

4. Planning of flight tests.

5. Data analysis and system evaluation.
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OBJECTIVES AND EIVZRONMINT OF ECS TESTS

The charter of the AFFTC in the development, ..teat-and evaluation
of new and modified weapon systems. In this role the Center is a
bridge between the design engineer and uhe operational user.Center
evaluations of aircraft-require not only engintorlnge1a t O
conduct a technical evaluatitn but also a keen ind perceptive ,evalu-
ation of the needs of the ope,.ator and of the environment in which
the aircraft is to fulfill iti A-issiono As an illustration of
operator needs one may consider the tactical pilot who may have to
operate in an environment ranging from difficult and distracting to
actively hostile. The ECS should be designed to minimize pilot
distraction and work load. Similarly, field servicing should be
fast, simple and as err-r proof under stress as is reasonably,
feasible.

Considerable attention will necessarily be given to testing
against specific requirements but the flight test engineer should
seek comment from flight crews with operational experience and
continuously encourage ground crews to evaluate the aircraft as an
operational system. This Handbook attempts to emphasize this
approach but in the final analysis it cannot be fully defined in
print but imust be ensured by the attitude and objectives of the
test team.

i ~POSITION OF AFFTC 11 THIE DEVELOPM•.NT AND EVALUATION PROCESS

The contractor responds to the specific, program peculiar
requirements of his contract and to general system requirements
with an "end item specification" for the ECS of his aircraft. The
contractor is required to demonstrate compliance with specifications
by flight test of an aircraft representative of the production
version. The primary function of the AFFTC is to oversee and
cooperate in these tests,, perform independent analyses of the datai ~and, if necessary, aonduct additional tests.

• ~AGENlCIES INVOLVED

aecTests of the ECS are conducted at the AFFTC, usually by aS~Combined Test Force, involving a number of Air Force agencies

Sas well as the contractor. Table 1 (page 13) shows the interest
Sand responsibility of each of the major agencies involved.
It is important to appreciate the interest and expertise of the
Sagencies involved in order to cooperate effectively. For example,

a. The contractor develops the system and demonstrates to
"the System Program Office that it meets specifications.

b. The System Program Office reviews and analytes the
data to che.k compliance.

12
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Table 1

INTEREST AND RESPONSIBILITIES OF MAJOR AGENCIES INVOLVED

IN DT&E FLIGR'2 TEST OF ECS

TYPE TEST DEMONSTRATE RILIABILITY & OPERATION
AGENCY DEVELOPMENT TO SPECIFICATIOIS MAINTAINABILITY EFFECTIVE

Contractor. Yes -Yes Assist No

ASD/SPO Direct. Check Check No
" " Compliance

AFFTC Liaison Oversight & Primary Yes
Independent Responsibilities
Analysis

AFTEC No No Yes Primary IResponsibi lii

User Command No No Advance Data Advance Dat
Advice Advice

Air Training No No Advance Data Advance Dab

Logistics No No Advance Data Advance Dat

Command Advice

NOTES,

ASD m Aeronautical Systems Division

SSPO - System Program Office

AFTEC - Air Force Test and Evaluation Center

*On some in-service aircraft Air Force Logistics
"Couummand as Program Manager will be the test
requester rather than a System Program Office
of Aercnautical Systems Division.

13



c. The AFFTC independently analyzes data, performs additional
tests a.• necessary, provides independent evaluation as reqaired,
and reports to the Eystem Program Office.

The AFFTC flight test engineer conducts tests or participates.in
tests conducted, as necessary, to ensure that AFFTC responsibilities
are met. As the flight program and development of the test aircraft
progresses the relative roles and responsibilities of the member of
the test team will change. Initially, emphasis is on developreit
testing. At this time the contractor has-a lead role while the. A!TTC
engineer participates and conducts his own analyses and evaluations.
Later, emphasis shifts to test and evaluation, with increased partic-
ipation by APTEC and using commands. The AFrTC engineer then assumes
a lead role. Even though much of the work may be performed Iy the
contractors team he must initiate and conduct tests, as necessary,
and oversee analysis and evaluation of results.

1.IULTI-PTIRPOSE FLIGHT TESTS

Hany ECS tests will be performed during otcher tests or during
"flights which also involve other tests. Hence, the engineer
responsible for the IECS test must:

a. See that his tests are properly performed.

b. Encourage the flight and ground crew.s to report any
incidents pertinent to the ECS.

With regard to the proper performance of tests, ECS tests.
are often performed piggyback on other tests or as alternate
missions when the primary mission cannot be performed. The ECS
test engineer must see that his tests are proper3y briefed and thatI the necessary instrumentation is functional and is used.

Also, the subsystem engineer must interface in some areas of
"test with other AFFTC organizations such as Human Factors, Rcli-
ability and Maintainability or Technical Order Verification and
Validation. Such interfaces are identified in the section on
planning of flight tests. For this purpose he should identify
contacts within these organiz&tions to facilitate good liaison.
For example contamination measurements and evaluations of the
functioning of pressure suits and oxygen systems may actually be
performed by human Factors engineers. All-weather tests are
usually performed on the total weapon system under the direction
of an all-weather test ergineer. The ECS tesit engineer works
closely with the all-weather test engineer to develop the test
program, plans for the retrieval of his data, conducts theanalyses and writes the subsystem report.
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MMS FUNCTIONS IVID ELMMENTS

Theo rCS performs the followins: functions when they are
required on a particular type of alrcraftt

(a) Distribution of engine compressor bleed ;-ir between theengine(s) and the components and subsystems that rcquire blood air.

(b) Air conditioning, pressurization, cooling, heating,
ventilation, contamination control and moisture control of
occupied compartments, equipment compartments and electronic
equipment.

(c) Anti-icing or de-icing of flight surfaces, radomes,,
antennas and ram air scoops.

(d) Removal of rain, snow, ice, frost, fog, cust and insects
from transparent purfaces and sensor windows.

(e) Pressurization and temperature control o! air for anti-g
suits, pressure suits and ventilation suits. Presr urization of
inflatable pressure seals, subsystem reservoirs ane miscellaneous
equipment.

(f) Purging of gun gas and of vapor and fuel from air
refueling manifolds.

(g) Oxygen 4uplly.

I This section presents an overview of each of these functions and
the design approaches to them which are coutmonly used. These
approaches vary wide]'. For example, cabin heating on Air Force
aircraft normally uses heat from main propulsion compressor bleed
air (from turbine engines) or an Auxilary. Power Unit (APU), but
it can be obtained from engine or APU exhaust heat exchangers or
from electric or combustion heaters. The air used for cooling
also comes from compressor air bleed. This air may be cooled by
air or vapor cycle refrigeration, ram air, expendable coolants,
heat storage materials, thermoelectric refrigeration or similar• techniques. In order to preserve a reasonable degree of read-

ability, the descriptLons and discussions in this section will
primarily address the approaches commonly used in Air Forceaircraft, includingi

(a) Use of engi io/API bleed air for heating.

(h) Air cycle o:" vapor cycle refrigeration.

15



Because of the variety in design approaches and in the details
of implementation it is imperative that the ECS flight test engineer
become very familiar with the details of the system under test by,
studying the end iteim specifications of the aircraft manufacturer
and relevant Technical Orders. tne should road the manufacturers *
design analysis and failure modes and effects analysis for the system
and also those parts of the SAE Aerospace Applied Theridynaaie!
Manual (Ref 1) which apply. fie should avail himself of the speeial
contractor training, both design and maintenance, which is usually
given to key personnil on a new system. A useful self taught XCS
"mechanics course is available through the Education Office (R•f 2).

Simulation tech:iiques are available for the air conditioning/
pressurization eleei ts of the ECS. In particular the 'EM!'
program, available wtd operating at AFFTC, is specificially
designed for ECS modeling. Use of such simulation can be most
valuable in:

(a) Ensuring tiat the engineer is indeed familar with the
inner workings of the specific system with which he is concerned

(b) Anticipatirg potential problem areas and

(c) Understanding problems which may arise.

"ENGINE COMPRESSOR BLEED AIR SYSTEM

On turbine engined aircraft, the engine compressor is a very
convenient source of hot, high pressure air, which is used as the
primary source of pressurized air to supply such elements as
occupied compartments, fuel tanks, inflatable pressure seals, anti-g
suits and so on. The compressor bleed air system includes all the
ducting, conditioning and controls between the primary and alternate
sources (bleed ports or manifolds on the engines, auxiliary power
units, ground support equipment and so on) and the using element.
For example, it does not include the ports or manifold on the
engine or the fuel tank pressurization controls but does include
everything in between. The bleed air system is used to provide
each ,lement with air at the rates and pressure which that
element needs.

The bleed air is very hot (approximitely 600-900 degrees F)
when it leaves the engine. The bleed air system therefore includes
a "preconditioning" heat exchanger to reduce bleed air temperature
so that the hot air will not ignite fuel or hydraulic fluid. This
heat exchanger is usually a ram air type which dump. the heat to
outside air. On some installations the cooling air for the heat
exchange is bled from the engine fan. Additional conditioning
will, in general, be required of the air delivered to each subsystem

16
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served. For example, the air supplied to an anti-g suit must
be controlled between 55 and 130 degrees F, that to a pressure
suit between 55 and 90 degrees F.

Inflatable seals,, unlike pressurized fuel tanks, are defined
as part of the ECS. These seal doors canopies and so on to enable, ~pre8ssuri zation.

Figure 1 (page 18) shows an example of an inflatable seal for
the .F-15 canopy. Locking the canopy admits air to the seal at a
regulated pressure of 20 + 1 PSIG. Unlocking the canopy shuts off
the pressurized air and vents (deflates) the seal.

Gun gas purge systems are used to purge accumulated gun gas
durnnq and after firing. The main components are a purge shutoff
valve and ejector, gun gas exhaust tube, check valve, manifold
and time delay relay. The purging airflow to the gun compartment
is controlled by a solenoid-operaterl shutoff valve that is
activated by the gun trigger switch. The valve will be held open
by a time delay relay for approximately 30 seconds after firing
has ceased. Purge air and gun gases are directed through a ejector
to the purge exhaust port.

In-flight refue- purge systems are used to clear the air
refueling manifold of residual fumes and/or fuel following air
refueling operations. The main components of the refuel purge
system are a purge solenoid-operated valve, a purge drain solenoid-
operated valve, and two uni-directional check valves. Precon-
ditioned bleed air in3 used for purging.

AIR CONDITIONING AND PRESSURIZATION
Under this heading we will include pressurization, cooling,

heating, ventilation and moisture control of occupied compartments
and also equipment Ihays. Specific approaches to cooling of
equipment, which are themselves quite varied, will be illus-
trated later in this section.

Major challenge-; involved in t'Vie above functions include,

j (a) Cooling on the ground after prolonged heat soak

4 (b) Moisture control when the moisture content of theI outside air is high
(c) Air distribution at desired temperature and flow

conditions under widely varying conditions of altitude (pressure),
temperature, aerodynamic heating and solar radiation

(d) Cooling of equipment such as radar transmitters
which produce high heat loads.

17
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Heating# cooling and pressutrizatio are integrated fumntionsH "AMple prOessuiatiOn of occupied e s a is e-tt -

by supplying oaxWitioned air in sufficien - uantit t provi0tdeb• J ~ l • an• • L auff~ ot quantit to p • •d
proper ventilati•c o evwerome leaks !W2 ti Provide erno
air for desired rMte of increase Of cabis prewsws whe the
aircraft is aessondino at reduced pOWer. 0 Air Force aireraft
pressurized air is usually taken from the engine compressor or
an APU and is already very hot. Part of It is refrigerated and
the temperature into the cmmWrtsent is metrlled by mixing of
the refrigerated air with umrafrigerated air.

Peessurisatica:

There are three pressure control nodes involvedl isabaric,
differential pressure control and rate of change control. In
the first mode a selected pressure altitude in maintained In the
cabin. On transport aircraft this can be selected by the crew to
be any value between -1000 ft and +10,000 ft. The second mode
prevents the differential pressure from exceeding the structural
limit of the compartment, and overrides the isobaric control as
necessary. The third mode limits the rate of change of pressure
for purposes of crew comfort. It overrides the isobaric control
but is overriden by the differential pressure control. An addi-
tional, independent safety valve system is r•euired to prevent
structurally dangerous positive or negative differential pressures.

Provisions are required for normal and emergency pressure
release for occupied compartments. The normal pressure release
can dump cabin pressure without shutting off the pressurized air
source. The emergency pressure xelease dMo~ the cabin pressure
rapidly and shuts off the source of pressurlsed air. An eergency
ram air ventilation systemis required for use with the emergency
dump.

Ventilation is usually "open cycle", with used air being
dumped overboard. Sometimes the used air is first routed through

equipment compartments to condition them, or through such systems
as the galley or toilet ventilation systems before being dumped.
In a few cases "closed cycle" air supply is used, in which the air
is re-circulated with make-up air added to overcome leaks and
so on.

TeMperature Controls

Temperature control involves both heating and cooling of
occupied areas and equipment. One of the major sources of -CS
complexity is cooling, which requires removal of heat from the
occupied area or equipment and damping it into so "sink" such-
as the outside air. Sines the "sink" will often be at a higher
temperature than the desi•ed cabin tmpoerature (as with ran air
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on a hot day: or at hih Xash amber) h heat -.a a.-sm is requta A.
Mos t Air, Forces uiroft" i MWol r1 o tn-atonieg, i
air is the working fluid La the- heat Vp-. -ameOs-, I&a U g,•`U:*
speed aircraft 0y ae vsGspýý cycle sys.n- sial la in 1aLMLOW to
the doms5 tic refrigerate-or @ treaere~ Suck eyofte-t , can- hil. ' #gh'
loads and a large terarature difference beitien tim heat Sta*:&
and the heat mink.

SAn excellent discussioe of reteigetation sysVimdesigu Le- '
given In Part 3B of Reference I (S Aeroapace App lied Thera*-.*
dynamics Manual). The flight test engineer should consult this
concerning the particular type of system used in tie airotaft
being evaluated. The refrigeration system may be air cycle
(air as the working fluid) or vapor cy•le. * cheatics of som
of the more rotpresentatLve types will now be Useussed, followed
by examples of actual systems (F-ISA and 2-3A).

Basic CLosed Ar r Ccle. SXstem.

Figure 2 (page 21) shows a sciemotic of a basic closed air
cycle system. The air passed through the cabin or equipment
compartment is also the vorkLna fluid of the refrigeration system.
CompressLon of air raises its temperature, which makes the heat
exchanger nore effective and also enables expansion through the
turbine, to provide the additional cooling needed (usually to 25-30
degroes P.).

More air is added as necessary to overoome leakage and main-
tamn adequate levels of oxygen. This cycle is theoretically
more efficient than the boot strap or rsgneratLve cycles for
Mach mnmbers above shout 2.5. It has a low operating preesure
and LS easy to control, but is rarely used in Air Fores applications.

Open MAr Cycle System.

Open air cycls system are of three general types which will
be discussed in order of their complexLty.

Basic Open Air Cyjcle System

Figure 3 (page 22) shows an illustr,'tive schematic of this
type of system. The pressurised (hot) aa.' from the main engine
compressor bleed is first cooled by a primary" heat exchanger
which dumps heat to outside air. The cooling air flow may be
augmented on the ground by ejectors or by a fan. The pressurised
air is then further cooled by eopansaon throwjh a turbine before
being passed through the cabin or equipume ompattmet and dt*-
charged overboard through a pressure regul~,ar. Work, tam thw.
turbine may be used ay a fan to draw asseots ai over' the heat
exchanger as in the case shwan. Thi sLmple type is unlikely
to be encourtered on Air Force aircraft.
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Bootstrap Type System

Figure 4 (page 24) shows a schematic of bootstrap (open cycle)
systems. ?Ater the air is passed through the pro-conditioning heat
exchanger i i is c•mpressed (rAsiing its temperature), cooled by
passage through a second ran air heat exchanger, then further cooled
by expansion through a turbine which drives the compressor. This
type of system is wieely used on medium performance (subsonic) Air
Force aircraft such as the E-3A. Relative to the basic system, It
lowers bleed air requirements. Component modeling and pressurization
control are relatively easy. For altitude operation it can provide
rated cooling over a wide range of flight conditions. Same form of
assistance (fans, ejector) is necessary for ground cooling when
no ran air pressure is available.

At Mach numbers above about 1. 3 cooling by ram air in the
secondary heat exchanger becomes inadequate, requiring either a
regenerative system or me of fuel or an expendable fluid as a
heat sink.

Regenerative Air Cycle System

This type system is often used on aircraft with a high Mach
number capability, such as the P-15 and F-16*, for which the temp-
"erature of the ram air may be quite high. It is similar to the
bootstrap type system except that some of the cooled air leaving
the turbine is used to pre-cool the air enter.Lng the turbine and
is then dumped overboard. Alternatively, water from the water
separator may he used for this purpose (F-16).

Basic Vapor ftycl. System.

Figure 5 (page 25) shows a schematic fo-: a basic vapor cycle
systeuý. The refrigeration system is closed c-cle. Heat is
absorbed from the heat exchanger by vaporizinq the working
fluid, which is then compressed and condensed in the heat sink.
The refrigerated fluid flow (cabin air, etc) nay be open cycle
or closed cycle. This type of system is eff,.-ient, gives high
capacity and permits placing cooling units in remote locations.
However, It is heavier and less compact than air cycle systems
and requires a separate source for cabin pressurisation. Such a
system is used on the l.

Combination Vajor/Air Cycle System.

Figure 6 (page 26) shows an illustrativn schematic of a
vapor/air cycle system which combines some of the advantages
of both systetn, usini a closed cycle refrigerating system and
an open cycle cabin a.r supply system.

23

___-law___



71�
U
4..

.1
14

4.5 �4U9�

g a U14w� -
�.

1�o a i.. m� (0

*�.d�4 -

140 p,'- 0 .�

a

4J�%
ha 14U

0. 0

0.0
UA I
4.1 a

*5 .� �
4 m 4(0 -� 'S.

-

�1
U

E

4. I..; VI A

ii

4
"Si

-

CL
V

a V
24



lit,,

T i

iaU

*~ Pd9 U

1.4 19

4 1414 
to 9 u

S Aj

I A 4J%

I. 14, A .~a-N 
6

L~1 eW4

4J14!25

..... . .



1.4

0)

6 -0
AV 0

0 0 '

U .r4
> 4 4 

41

cc 1.4
U0

0 00

60

H-

r.

0) to

%P. 0 '4)

0 14

to 141
a) to t

60 to

r44 v- 4-

PQ PO 00

'.4

126

4,4. '1



Water Separator 31

Moisture removal is a major challenge in a hot, humid envi-
ronment not only fbk crew comfort but also tc protect avionics
and to control probiem Of corrosion and fun. us growth resul,:inq
from condensation over equipment.

With air cyc1le air oonditioning water separation is usually
mechanical. The air leaving the air cycle tx.rbifie is very cold
and much of the motsture Will have kmndensed into water droplets.
It is desirable to allow enough distance for these droplets to
agglomerate to 1-2mm in size before entering the separator. A
simple separator consists of a coalescer unit to catch the droplets,
collector tubes and plates, and an internal relief valve to bypass
the coalescer if it is blocked by ice. The coalescer unit has a
filtration element which changes the droplets into larger drops,
which are then blown on to collector tubes or plates. A centri-
fugal device (a turbine rotor or swivel turbine) can also be used
provided that the droplets are large enough for effective separation'.
With vapor cycle refrigeration the water will usually condense
on the heat transfer surfaces of the evaporator unit and can be
collected in a downs :ream trap.

Examples of Actial Systems:

Figure 7 (page 18) shows the schematic of the F-15 system, whichi• • is of the regenerati,,re type (reference 3) . The following discussion
* of the operation of air cycle systems relates primarily to this

,example, but some ommon variations from it arc also discussed.

Bleed air leaves the engines through pressure regi.,lator/
shut-off valves (item 17 in the diagram) and goes to the primary,
preconditioning heat exchangers where it is cooled by ram air, the
resulting temperature being controlled by a bypass temperature
control (item 15). Some bleed air can be diverted (27) to ejectors
to induce flow through the heat exchangers on the ground. Air for
air conditioning then goes through the flow control (1) to the
"compressor component of the oompressor/turhins assembly. This
compressed air is then ducted to the secondarl heat exchanger where
the heat of compression is transferred to rar air. The airflow
is next routed through a regenerative heat exchanger. to the
turbine/compressor where it is expanded through the turbine component.
During the expansion process, the air may be reduced to subfreezing
temperatures, dependent upon ambient air temperature and' humidity
conditions. Some of this cooled air is looped back to the regen-
erative heat exchanger, (14), to pro-cool the air entering the
turbine, before being dumped overboard. (Xt is this regenerative

P" * feature, needed at high Mach numbers, which distlnguishes these
systems from ordinary bootstrap systems.) All conditioned air then
goes to the primary water separator, downstream of which cabin
conditioninq air is channeled through a second water separator,

27

- *,-!l.*lnn i~



1.4

LII

iw' '



Si mixee with non-refrigerated air to produce the desired temperature
S~~and ducted to the cabin0@ •

SIn the E-3A (reference 4)t the occupied area'is divided into
ifour zones. A bootstrap air cycle system oo¢ls the conditioned'

Sbleed air sufficiently to coooi the most demanding zonw. -Unrofrig-
eratee, bleed- air is then mixee with the. refrigarated -air going
to the other zones to "trim" the air temperature in them an
requi red.

AVIONICS/EOQTIPMENT COOLING AND PRESSURIZATIMt

E quipment cooling requirements cooVer a wide range,, up to veryI
high heat dissipation requirements for radar transmitters.
Correspondingly, a wi~e range of cooling techniques is used, which
includes :

(a) Free convection air cooling (conditioned air supplied
to the equipment compartment, sometimes from outflcw from occupied
compartments).

(b) Internally forced air cooling (conditioned air supplied
to the unit)}.

(c) Cold plate forced convection air cooled (equipment is
mounted on a cold plate cooled by conditioned air).

(d) Forced convection liquid cooled (li,,uid coolant pm~uped
• € through the unit and then to a heat exchanger to dump the heat,
S~load)Y.

S•(e) Thermo-electric cooling, using the Peltier effect, as in
i'the familiar thermocouple. This has been used to colhot spots
• in electronic systems.

• For purposes of illustration* equipment cooling implementation
• ~on the E-3A and the F-15A will now be discussee..

i ~E.-32% Equipme~nt .Cooling:

•:E-3A equipment cooling uses two functionally identical forced
[:iiair coolinq systems, a draw through system, a liquid cooling system
•,.for the Surveillance Radar Functional Group and a m.ixed Antenna
•.• Pedestal Cooling System.

•'• Selected avionics equipment is cooled by two separate, but
functionally identicalt forced air cooling systems utilizing
recirculating air cooling loops with ram air as the heat sink.
These systems are designated the forward and aft forced air
cooling systems and are shown schematically in figures 8 and 9
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(pages 31 and 32) respectively. Electric motor driven fans circulate
cooling air through the avionics equipment and intarcommencotingý:4ctingo
During normal flight operations, the heat rejected by the avionics
and absorbed by the reoircul&ted air is rejeated to ram air in a'
heat exchanger locatid in ram coolant air cirocut. When the
aircraft is unpressurized, ambient air is used directly or mixed
with recirculated air as dictated by ambient air temperatures
and avionics heat loads to cool the avionics equipment.

The'draw through air cooling system (figure 10, page33) is a
controlled ventilation system which provides airflow across and
through selected avionics equipment located in the main cabin,
forward equipment bay, and the flicgbt deok.. Using cabin condition-
ing air as the cooling medium, air drawn through the equipment
into a system of ducts and manifolds by a motor-driven fan(grounr mode) or flow, limiting venturi (flight mode).

The Liquid Cooling System (LCS) provides a temperature
controlled flow of Et-hylene Glycol Water mixture (EGW) to the
surveillance radar transmitter. In flight, the heat in the coolant
is rejected to the aircraft fuel through four liquid-to-liquid
heat exchangers. On the ground the heat is rejected through a
simple heat exchanger cooled by a ground cart. A schematic of the
TC-. system is presented in figure 11 (page 34).

The Antenna Pedestal Environmontal Control System (APECS) is
designed to dissipate the heat generated by the surveillance radar
functional group (other than the surveillance radar transmitter)
and by the Identification Functional Group (IFG) and associated
equipment (figure 12, page 354. The APECS is a combination of a
controlled air ventilation system, which provides airflow across
selected avionics, and a liquid cooling system which provides
temperature controlled flow of fluorocarbon rC-77 to other antenna
pedestal avionics. After circulating through the liquid cooled
avionics heat loads, the FC-77 is returned by a motor-driven pump
and e:.'ther passes through the air-to-liquid heat e.-changer for
cooling, or bypasses it, depending upon the temperature controller,
to maintain proper coolant temperature (85 + 5 degrees F). Air
supplied to the heat exchanger and to provide convective c'nling is
either recirculate( air or outsirle air.

In the recirculation mode, which uses the heat sink capacity
of the antenna pedestal air and structnre, air is drawn across
the heat echanger by fans and disperse, throughout the antenna
pedestal cavity and ultimately returns through the fan. NoS- outside air is intro~uced to the antenna pedestal cavity in this

*1 .. mode. In thu outside air mode, air is drawn in through air inletdoors over the heat exchanger and through the fans before being
. •dischargeO overboard,. The APECS is designed to switch to theJ• outside air mode when the FC-77 temperature approaches 90 degrees

o. The grouaid cart :dode is a modified outside air mode, the only
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differences being that the air sourc:e from an air conditioning
cart and that some air is allowed to circulate within the antennapedestal cavity before being expelled.

The schematic of the r-15A WS' in figure 7 (page 28) shows how
the avionics cooling is arranged. Chilled air from the cooling
turbine assembly is mixed with high pressure conditioned bleed
air, the mix being controlled by the avionice flow control (item 6
in the figure) and the avionics temperature control (20), This
conditioned air is used to cool the forward and aft avionics
compartments and the internal countermeasures compartment, from
which it in dumped overboard. The conditioned air on its way to
these compartments is passed over a liquid to air heat exchanger
which supplies coolant to the radar transmitter. Emergency ram
air, if required, is idmitted upstream of this heat exchanger and
is passed over this ard through the avionics compartments.

Other equipment on the F-15A in cooled by the fuel flowing
to the engine (figure 13, page 37). If the fuel temperature
leaving these radiatozs exceeds 195 degrees F additional fuel
flow, limited to 10 gal/min per engine, is bypassed back to the
internal wing tanks. This type of system can result in overheating
of equipment during descent at low power or in case of engine
"failure.

ANTI-ICING, DEFROSTING ALD DEFOGGING, RAIN REMOVAL

Anti-icing (prevention of ice build up) may be required for
all portions of wings and stabilizers exposed to ice, on the engine
air inlet (part of the engine system), on air scoops and on duct

5 guide vanes (reference 5). Anti-icing, defrosting and defogging is
"required for all mission essential transparent areas. This includes,
for example, areaa needed for formation flying or for evasive action.
Rain and snow removal is required for the windshield and for sensor
windows. Salt spray removal and insect and dust removal (one 120 mg

| I insect per 20,000 cubic ft) are required when the mission calls for•: low level flight over ocean and. over land respectively.

Anti-icing of Non-Transa.ront Areas:

In general, anti-icing of flight surfaces is only required on
aircraft which have to fly both low and slowly. As a result,
full anti-icing of flight surfaces is rarely called for on Air
Force aircraft. Anti-icing is usually limited to pitot systems,
radorins (if ice would degrade effectiveness), essential air scoops
and so on. If, however, anti-icing is required, then the following

Sdiscussion applies.
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Anti-icing is required for the following representative flight

conditions.

(1) Climb at speed for maximum rate of climb.

(2) Cruise at speed for maximum range at normal operating
altituide, if that altitude is less than 20,000 feet.

(3) Descent (at speeds, rate of descent and engine power em
recommended by the manufacturer, subject to approval-by
the procuring activity.)

If the design mission of the airplane requires intormittent oper-
ation below 20,000 feet typical conditions including the high and
low extremes of speed are to be included as design points.

Surfaces to be provided with anti-icing are as follows:

(1) All portiors of the wings and stabilizing surfaces
which are exposed to ice.

(2) Engine inlets, antenna meats, hinge fairings, spoilers,
dive brakes, struts and other ice accreting parts if
required by either (a) the effect of ice accumulation
on the normal functioning of the part or (b) the effect4 *• of increasee drag on aircraft performance.

(3) Entrances to air scoops which must function during
icing conditions, plus protection of guide vanes or
at abrupt changes of direction.

TWo levels of protection arc re4uired, "evaporative" and
"runninq-wet". In the former, enough heat is supplied to
completely evaporate ice over the irpact area, while in the
laItter it is sufricient to prevent freezing over Lhe area.
For speeds less than curve A of Figure 14 (page 3) complete

* evaporation is required of all impinqinq water doplets at
temperatures down to .5 degrees F unless the entire object is
heated. In this case a running-wet surface is allowable with a
minimum temperature of 35 degrees F at 0 degrees F ambinet temp-
erature. For speeds greater than curve A but less than curve 3
the anti-icing systerm need only provide a running-wet surface

* at 0 deqrees F ambient temperature since the runback should not
freeze. For design speeds greater than curve B no anti-icingj ais required except for landing and take off.

SThermal anti-icing is usually use. Steady state hot air
systems are usual but cycle electrical or cycle hot air systems
may be used if designed and installed in accordance with an
approved contractor specification. These systems are discussed
in Part 3F of Reference 1.
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The usual approach for Air Force aircraft is to duct
pre-conditioned air from the engine compressors through passagesintegral with the surfaces being heated. Hlowevre, heat from a
combustion heater or an exhaust heat exchanger may be used.

Sufficient heat must be provided to ensure *evaporative" anti-
icing or *running-wet" anti-icing over the area of impingement,
depending on the speec' at the relevant design point (figure 14,
page 39). (In flight tests re-freezing has been encountered during
run-back.) Computaticns must, of course, allow for heat losses
in ducting and so on. Also, considerable care is required in

E •ducting design to provide for the very wide temperature range
"between being inoperative in a cold environment and full operation.

Cyclic de-icing heats strips of Utie urface, approximately
perpendicular to the airflow, in a sequential manner so as to
shed the ice from front to back. Electric cyclic de-iving is used
for propeller and rotor blades. The electrical heaters usually
consist of heater ribbons embedded in a dielectric over the base
skin, covered by metal cladding for protection. Electric heat
is convenient for relatively small, remote items such as antenna
masts.

Anti-Icing of T::ansparent Areas:

The windshield :.s to be thermally anti-iced by hot air, or
electrical conductive coatings (references 5 and 6). Other mission
essential transparent areas are to be anti-iced by hot air, electrical
conductive coatings, liquid spray or extendable shields or deflec-
tors. The most usual method uses external hot air jets (figure 15,
page 41), but electrical conductive coatings are also fairly
common. In the latter, the conductive layer is part of the wind-
shield lamination. This approach also assists with defogging of
the interior of the windshield.

Defrosting and Defolginl:

Defrosting and defogging is required for all mission essential
transparent areas, including areas required for taxiing, evasive
action, formation flying, scanning and sighting stations, astro

"K domes, camera windows, areas required to check engine operation,
control surfaces etc. Defrosting and defogging may bq by hotSrair jets, double panes with hot air between panes, double pane with

.6• dry air insulating gao, electrically-conductive coatings, humidity
4• control of cabin air, or any combination of these methods. Protection

is required during rapid descent after cold soak at high altitude (aii.• 7 stressing case) and in flight at constant altitude.,

Double panes with hot air between are susceptible to
accumulation of dust, dirt and oil and to heat stress problems
and are rarely used. Double panes with dry air insulating gap
may be convenient for flat surfaces, especially when combined
with humidity control of cabin air. Electrical heating also is

j1.~ 40.i.I77 7
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good for flat surfaces, and can accomplish anti-icing as well as
defrosting. However, the most cotopn approach an Air Force
aircraft is to use hot air jets acroks the inside surfaces,
provided from engine bleed)air with temperature control to
prevent overheating of the transparency and reduce crew discomfort.

One commonly used system uses conditioner cabin air diverted
from the cabin inlet duct (figure 16, page 43 ). The anti-fog air
continuously passes through the anti-fog heat exchanger. Hot air,
taken from the preconditioned bleed air, enters the heat exchan er,
transferring heat to the anti-fog air. The air is ducted to~th!
base of the windscreen and forced through small orifices, towar 1s
the inner surface of the windscreen.

Removal of Rain, Insects, Salt and Dust:

Provisions are required (reference 5) to clear enough of the
pilot and co-pilot's windshield to provide an adequate field of
vision in "heavy" rain (0.59 inches per hour, 1500 micrometer median
droplet diameter) anc' in snow for

(a) Ground taxi

(b) Take-off

(c) Landinq approach

(d) Landing

(e) In-flight refueling if this is to b, accomplished below
20,000 feet

(f) Level flight at 1.6 times the stall speed at maximum
weight with flaps and gear retracte( for fixed wing aircraft

(g) Maximum cruise speed for rotary wing aircraft sufficient
clearance is also requested to enable a safe landing in
"excessive" rain (1.6 inches per hour, 2300 micrometer
meeian drol let diameter)

Removal of insects and dust is required when aircraft missions
require low level flight over land, removal of salt spray for low
level flight over ocean or along the coast. Vertical landing and
take off aircraft require dust removal. Removal of dust, insects
and salt spray is accomplished by a Washing system.

M-ethods used for removal of rain and snow include: a ground applied
repellant which facilitates removal of intercopted rain 'by the
slipstream, jets of precoziditioned bleed air and ii-flicqht applied
repellant. An effective approach used in Air Force airciaft isjI •a combination of air jets with in-flight applied repellant.
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OXYGEN SUPPLY

Oxygen supply may be from a liquid oxygen converter or gas
cylinders. Passenger supply may be from chemical oxygen converters
with the approval of the procuring agency. Oxygen.systems .usa.
standard, tested components, w3.th layout and connections adapted
to the particular aircraft. Ilence AFITC evaluation is-prJ~arily
directed at ensuring that the system is well laid out, funftions
correctly and is easy to service and maintain.

A liquid oxygen system is automatically operated by
"controlling the rate of evaporation of liquid oxygen with pressure
operating valves. Evaporation of liquid oxygen is accomplished
by adding heat to the liquid which causes it to expand and
therefore, raise the pressure. A buildup and warming coil is
incorporated in the system, which provides th3 necessary heat
transfer to the liquid. The pressure control valve provided in
the converter controls the rate of evaporation during flow. A
relief valve is provided to relieve excess pressure caused from
repeated cycling or low demand on the system.

When the system is filled from the servicing trailer, coupling
of the hose to the fill, build-up and vent value operates a plunger
which opens the valve to the overboard vent. Liquid oxygen is
added until it spills from the vent. (figure 17, page 45). In
the pressure buildup phase a heater in the buildup and
warming coil vaporizes oxygen until approximately 72 psi is
reached, at which time the pressure control valve prevents furtherI fast liquid evaporation.

Operation begins during the pressure buildup phase and continues
until all liquid oxygen has evaporated. Liquid oxygen is drawn
through the orifice flow modulator to a heat exchanger, which vaporizes
the oxyqen and brings it to a useable temperature, and on to the
diluter demand Oxygen regulator.

The diluter demand oxygen regulator automatically mixes air
and gaseous oxygen at a ratio dependent upon cabin altitude and
delivers this mixture at the proper pressure to the crewmember's
oxygen mask upon demand. With the diluter denand oxygen regulator
ON/OFF valve lever met at ON and the 100 percent -! NORMAL selector
in the NORMAL position, the regulator will furnish diluter oxygen
at altitudes up to. 30,000 feet. With a tight, properly fitting
oxygen mask, the regulator can be used at altitudes up to 48,000
feet with the 100 percent - NORMAL selector in the 100 percent
position. The regulator is capable of handling oxygen inlet
pressures of 50 to 500 psi. The oxygen suppl•, pressure gauge
range is from 0 to 5(0 psi. The regulator contains its own
inlet filter.
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In situations whtere the oxygen supply in from a liquid
oxyien converter, t-h' dilutor demand oxygen regulator will furnish
an uenrgetcy nondilu-.ed supply of oxygen to the crewmember~s
mask. By placing the EMP.RGENCY-NORMAL-TEST ;VASK selector to tke.
r.MERGPWCY position, 00 percent oxygen couplnd with an Lmavae. 4S
pressure is automati:ally supplied to the orewmember (100 prwft
oxygen will be furn13hod regardless of the poeition of the 1006'r
percent - 'NORMAL selector). This emergency function of the rgulator
can be utilized in situations such as loss of a canopy in-flijkt,
smoke in the cockpit, suspected insufficient normal oxygen supply or
explosive de-compression.

9 14

.~ t

•;-" 46



REQUIRE.NTS AND PRORMt ARMS

The WCS is a quito eoOPlex systoe charged with a wide range
of support functions such as supplying pressurization to fuel
tanks, air conditioning of occupied compartnents and equipment
compartments and anti-icing. Sam of these functions are
straightforvard and rarely troublesome but others such as air
conditioning are complex end are frequent sources of problem,

The ECS is designed to a combination of general specifications

j and specifications peculiar to the individual aircraft type.
Requirements relating to human tolerances can be generali sed,
but those related to support of other subsystems and equipment
are, naturally, peculiar to the ineividual design. It is the
important function of the systems integration engineer in the
design process to define these *interfaces" between subsystems.
For the AFFTC flight test engineer evaluating an ECS, this means
that he must familiarize himself with the contractor end iter.
spocifications.

specifications are written primarily for use of the supplier

and the contracting agency. They therefore, contain a mass of
design requirements covering a high degree of detail. The flight
test enqineer evaluating the end product is usually concerned with
"a small proportion of these requirements. In this Section we
will review and summarize those requirements which appear to be
of most concern to him and also review problem areas commonly
oncotLntered in each area. This is a task which:

a. is impossible to do in a really adequate manner and

h. even if don-- perfectly, would rapi3ly become out of date.

It is, therefore, mo;t important that the flight test engineer use
this Section only to get the general flavor of the environment
in which he is workii.g and do his own research on the particular
item le is tasked to evaluate.

'rhe geon. A specification covering performance, design and
testinrq requirements is MIL-E-39453A, "Environmental Control,
"Environmental Protection, and Engine Bleed Air Systems, Aircraft,
General Specification For". Supplementing this are specifications
for components such as air cycle air conditioning subsystems,

I anti-icing equipment. defogging of transparent areas, electronic
equipment and so on. These will be referenced at appropriate
places below.

Considerable attention will necessarily be given to testing
against these specif c requirements, but evaluation of operational
suitabilitv T.! t 16. a be kept in mind. The ECS should be
designed t:.., P.Ltnimv. %rew distraction and workload. Similarly,
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field servicing should be fast, simple and as' rror-proof under stress'
as is reasonably feasible, The RCS flight test engineer should seek
comsunt from flight crews with operational experience wad oput~nously
encourage ground crews to evaluate the Aircraft as an operat anal
sys tems

fnvaluation of an CB* in general, involves a sdbtauxtial
contribution from the Reliability and Maintainability and the
lHuman Factors Branches of Airframe Systems Division. The flight
test engineer who is tasked with evaluating the RCS as a whole
must recognize the cooperative nature of the effort and do his
part to ensure that in this cooperation no areas are missed andthat all available expertise is applied.

lie will now briefly discuss requirements and potential

problems in the following areas:

a. engine bleed air system

b. pressurizat:.on of occupied compartments

a. equipment pressurization

d. supply of pressurization to reservoirs, inflatable
seals and suits

e. air condititming of occupied compartments

f. equipment cxnditioning

g. anti-icing of non transparent areas

h. anti-icing of transparent areas

i. defrosting and defogqing of transparent areas
Sj. removal of rain and snow from transparent areas

k. removal of insects, salt and dust from transparent areas

1. oxygen supply

As would be expected from the length of the above list, this
"discussion is inevitably repetitive and boring. It is strongly
rocommendoe that the reader pass over the detail seat lightly
on his/her first reading.
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C13GINK DIXED AIR SYTEMC1

-rhis system connists of all the ducting and CousoMeatG that
pass high or low pressure bleed air from the engine ports or
other coupteesed air sources to all covoaeAnts, reuiring bleod
air at the tetuieratures . pressures and weight flows required by
each companent. Requirements are summarized in Tables AIA anid
AIR~ (pages 91 and 92). e n taxer of perforfance ilt emat be able
to supply all equipment requiring sinultaneous supply. Design
requirements imstly address the problem~ and danger of havingfducts carrying very hot, high pressure blood air inwhtcnb

UP may be as low. an -65degrees ?.Particular points to he checked' are

a. shut of f tvolv locations and design (e.g. normally open,
fail open at each bleed air source)

b. adequate pritection of personnel from hot ducts

c. safe couplings at Joints (safety latches are requxired
where the b'eeO air temperature nor-nally exceeds
450 degrees r)

The engine bleed air system is not a soiirce of many problems
in !Ecs installations except for cases of oil smoke and fumes in

'1 ~the blood ai.r. Althniugh the cause of such :'ncke and fumes is an
engine deficiency, the, result has been serious ECS problems on
recent flights with -umes in the cockt, oil, in the water coale scar
unit and oil over electronic equipment.

PRES3SURIZATION OP WCUIWI= C0KPhVTII'?NTS

hlost requiromen :5 for pressurization are contained in HIL-Uf-
g 384 35A,, which covers environmental control systems as a whole.

Additional requirements relating to air cycle air conditioning
systsms, primarily to design, are contained in NIL-A-83116A*

dirfermneantdl punesiore. Enoreoter typs, liue to

withe perossible limi ofunctioa rifferemntis whressure.

1. Actiudec is to be weletabi e be0.4eince -1g of nom a w10g00

difee matintia irsspressuorid othertyes, alimitsd conto

overshoot,, :1uctuations; and transients when engjine
settings are changed.
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3. Rate of Change is to be selectable for cargo etc. types.
Limit.s are stated for others.

4. Excess differential pressure is to be prevented by safte
valves.

5. Opening of doors, hatches etc must be safe.

6. Normal and emergency release procedures are to be
provided.

7. Available floa must be adequate to overcome allowable
uncontrolled leaks, maintain schedule and provide required
ventilation rate.

8. Emergency enclosed systems shall hava a separate
pressurisat .on source for use during the escape sequence.

Desian .! mU

The design requirements which appear to relate most closely to
AFFTC test and evaluation are summarized in Table A2B (page 95).
These cover the followingi

* IPressurization Source.

Compartment air conditioning air is preferred, but temperature
controlled bleed air is the next choice.

Multiple Sources and Single Failures.

At leasr two pro'ssurization sources are to be provided an
multi-engined aircra::t, each capable of providing the required
pressurization. No A;ingle failure is to result in the occupied
compartment pressure altitude exceeding 14,000 ft.

Check Valves.

Check valves are to be provided to prevent rapid loss of
pressure in case of air source failure.

Regulator.3, Safety Valves and Blow-out Panels.

At least one recjulator is required in each separately controllable
compartment. Safety valves are to protect against excessive positive

1 or negative differential pressures. Blowout panels or adequate flow
areas must be providod between compartments. Discharge ports must

S*not be subject to adverse weather. No single failure shall result
in failure of both pressure regulator and safety valve.
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InstruMente and Controls.
Caution indicators %re to be provided to show loss of compartment

pressure. Crew station controls are to be provided for pressure
release. Crew station controls to control and instrumntation to
measure cabin pressure and rate of ascent or descent are required for
cargo and personnel transportes, navigational trainers and early
warning aircraft.

Discussion:

As will be seen, the requirements on the pressurization
system are rather simple and straightforward. A potential problem
area in high performance aircraft is excess t ve sensitivity to
changes in engine setting (for example, changes in cockpit altitudc
of 5000 to 10,000 feat with change of engine power settings
experienced on a fighter aircraft). Limitation of the effects of
single failure and clear, effective controls are both very important.
Theme are primarily :he domains of Reliability and Maintainability
and Human Factors personnel, but the ECS flight test engineer
should take an active interest in these areas from the functional
aspect and encourage attention to them by fliqht and maintenance
personnel.

SUPPLY OF PRESSURE TO EOUIPM1QNT. RESERVOIRS,* INFLATABLE-SEALS. SUITS

These are briefly summarized, from the point of view of
evaluation flight test, in Tables A3 and A4 (pages 97 and 98). In
general the environmental needs of equipment vary widely and cannot be
standardized in the way that those for the humnan body must be.IHence the general rwrtuirements largely refer their reader to
equipment specifications or the general aircraft specifications.
In these areas it is the very important design task of the
aircraft systems engineer (not always well executed) to define
the "interfaces" between the environmental control subsystem and
the units it serves. Correspondinqly, the ArFTC evaluationtest engineer should make himself familiar with the end item
specifications and oImrational requirements which the particularECS is supposed to wset. He should get the operational requirements

from AFTEC or from the using Command.

General requirements include the followings

1. When two or more units ire pressurized by the same source,
loss of pressurization by one shall not cause loss of

• .pressurization to others.

2. Automatic regulation is required to ensure pressures
compatible with pressurized units/the most critical
unit in pressurized compartments.

I W 5f
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3. Protection by safety valves is required against excessive
positive or negative differential pressures.

4. Fail-safe means shall be provided to prevent entrance
of hazardous fumes into onvironwental contro enviroammntal
protection or engine bleed air systems.

5. Anti-g suit air is to be between 50 degrees F and 130
degrees F, ?ressure suit air supply between 55 degrees and
90 degrees '.

6. it a single failure can create the possibility of excessiveIi fuel tank air temperatures# means shall be provided ofindicating excessive temperatures to the crew.

In addition to these general requirements som systems have
limitation on dust and other contaminants to reduce internal
deposits.

Analysis of the potential effects of single failure is
primarily the responsibility of the Realiability and Maintainability
Branch of Airframe Slstems Division and of the Unit Systems Safety
Officer (USSO) but t'ie ECS test engineer should take an active interest
in this area and wilL be requested to support the USSO. In particular,
he should ensure tha: any instances of single failure are reportedj " and analyzed.

The contractor 1'ailure Modes and Effects Analysis will provide a
valuable review of potential failure nodes and their impact and will
greatly assist in idtntification of tests which should be made of

* T CMS operation with p-trtial failure.

AIR CONDITIONING OF OCCUPIED COMPARTMENTS

This is a oompl#ox and demanding function and is understand-
ably a major source of problems and deficienes in ECS evaluations.
Performance and functional requirements are summarized in Table ASA

* (page 100) and design requirements in Table ASB (page 102) (with some
overlapping).

Perfromance and Functional Requirements:

The requirements from Table A5A may be further summarized
as follows

1. Ventilation rates are to be at least 20 cubic feet per minute
(cfm) per man for all operating conditions and at least 1.8
times the maximum allowable production leakage rate for all
pressurized operations. Air velocities near seated personnel
are not be exceed 300 feet per minute (fpm).

iI
F
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2. Radiating *'|rfaces are not to exceed 105 degrees F near
seated persgcnnel during pressurized flight, 140 degrees F
for all other locations and conditiois.

3. Air supplied to the occupied compartments is to be free of
excessive moisture.

4. Air supplied to the occupied compartments is to be free of
excessive contamination.

S. The automatic temperature control is to maintain the average
compartment air temperature to within +3 degrees F of
selected settings. Temperature variattons between any two
points in a seating envelope should not deviate more than
+5 degrees F from the average cabin temperature. Temperature
aifferences outside the envelope are not allowed to vary
more than +10 degrees F average cabin temperature.

6. Floor temperatures are to be maintained above 60 degrees
F average, with no locati.on less thaa, 40 degrees F.

7. Average cabin temperatures are to be maintained between
45 degrees F and 90 degrees F for unpressurized flight and
between 70 degrees F and 90 degrees F during flights with
an inoperative air conditioning module.

8. The cooling equipment is to have sufficient capacity to
maintain average compartment temperature at 70 degrees F
except that it may be 80 degrees F for transients lasting
less than 30 minutes.

9. Heating equipment is to be capable of maintaining an
average compartment temperature of 80 degrees F.

Design Requirements t

These are quite largely maintainability and servicing
requirements (Table ASB, page 102). In addition to those referred
to in Table ASR there is a host of requirements on choice of
materials and so on which concern the contractor and the procurement
agency rather than tle AFFTC engineer, who is evaluating the
end product. If. however, a problem is encountered such as
corrosion or freezine of valves and controls he should review
tIL-E-38453A (refererce 5) and ?IIL-A-83116A (reference 7) to find
out exactly what requirements the system is failing to meet.

Discussions

The following are representative examples of air conditioning I
system deficiencies, taken from fairly recent tests on a large
surveillance aircraft and on a high performance fighter.
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On the surveillance aircraft the following were the primary

problems:

1. Excessive c.ndensation in cabin under humid conditions

2. Uneven distribution of conditioned a.Lr (nozzles re-
designed)

3. Excessive vertical temperature gradients in cabin on
cold days; cold floors.

"4. Slow stabilization of cabin temperatures on ground
after cold soak.

On the fighter aircraft the primary problems were as follows:

I. Pilot had hct head and cold feet at high altitudes.

2. Smoke and fumes in cockpit, from engine oil leak into
bleed air,

3. Water droplcts sprayed over pilot under humid conditions.

It will be seen that these deficiencies are rather straightforward
in nature and readily detected either in normal operation or in
tests in air with high water content and/or at extreme temperatures.
Inadequate water separation and poor temperature distribution are
the primary, recurrent performance problems. Another quite frequent
problem is that of excessive noise from the air cycle machine and in
the ducts.

Evaluation of the air conditioning system against design
requirements involves the expertise of Human Factors and
Reliability and Maintainability Branches and should be a cooper-
ative effort.

EQUIPMENT CONDITIONING

Equipment conditioning requirements are summarized in
Tables A6A (Performance and Functional Requirements, page 104) and
A6B (Design Requirements, page 107). Equipment cooling needs cover
a very wide range, from those which can be met by free air convec-
tion to those which require forced convection liquid cooling.

.Performance and Functional Requirements:

If the equipment is to use free convection air cooling it
2 must conform to general standards defined in MIL-E-5400T (reference

8), These are grouped into the following classes, Class 1 being
assumed unless one of the others is specified. More detail of the
requirements 2or each of these classes is given in Table A6C (page
108) and Figure 18 (page 55).
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Cl'ass 1 Equipment designed for 50,000 ft altitude and
continuous sea level operation over the temperature range
of -54 to +55 degrees C (+71 degrees for intermittent operation).

Class 1A - Equipment designed for 30p000 ft altitude and
continuous sea level operation over the temperature range'of0
-54 to +55 degrees C (+71 degrees intermittent operation).'

Class lB- Equipment designed for 15,000 ft altitude
and continuous sea level operation over the temperature
range of -40 to +55 degrees C (+71 degrees intermittent
operation).

Class 2 - Equipment designed for 70,000 ft altitude
and continuous sea level operation over the temperature
range of -54 to +71 degrees C (+95 degrees intermittent
operation).

Class 3 - Equipment designed for 100,000 ft altitude and
continuous sea level operation over the temperature range
of -54 to +95 degrees C (+125 degrees irtermittent operation).

Class 4 - Equipment designed for 100,OOC ft altitude and
continuous sea level operation over the temperature range
of -54 to +125 degrees C (+150 degrees intermittent operation).

Class 5 - Equipment designed for altitudes greater than
100,000 ft for periods of time not exceeding 6 hours, andII continuous sea level operation over the temperature range
of -54 to +95 degrees C (+125 degrees intermittent operation).

.1 These standards correspondingly define the performance required
g .of the equipment air conditioning system. More detail is given

in Table A6C and Figure 18.

For the other t:,pes of cooling (internally forced air, cold
plate forced convect.Lon air and forced convection liquid) the
equipment air condit.oning system must provide cooling fluid
temperature and weig],t flow called for in each equipment
specification. 11enc( the ECS flight test engineer needs to have
data from these specifications available.

Design Recuiremonts:

Relevant design requirements are reviewed in Table A6B
(page 107), It will be seen that these are. somewhat general
in nature. There are, of course, a large number of detail design
requirements on, for example, air cycle air conditioners sup-
plying the conditioned air used to cool the equipment, but
these primarily relate to detailed design and will not normally
concern the ECS flight test engineer.

Discussion:

Equipment cooling requirements can be quite complex and
demanding. As a result they are a frequent source of deficiencies.
Some of these can rei;ult from inadequate or outdated interface
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Sdefinitions by the prime contractor. The AFFTC engineer conducting
ECS evaluations should have available the end item specifieation
to which the ECS is designed and also, if possible, the equipment
specifications for items not using free convection cooling.

Much of the equipment is critical to a successful mission and
some may be important for safe recovery. It is, therefore, very
important in testing and evaluation of equipment cooling to
consider the operationaý' profile of the weapon system as well as
the legal requirements of the specifications. For example,
if important communications equipment cannot be used during taxi

L * and take-off this may seriously degrade operations regardless
of what the specifications may say. Such restrictions should be
identified and their impact on operational effectiveness evaluated.

ANTI-ICING OF NON-TRANSPARENT AREAS

Table A7A (page 109) and design requirements in Table A7B (page 111).

In general de-icing of flight surfaces is only required on aircraft
which have to fly both low and slowly. As a result, full de-icing
of flight surfaces is very rarely called for on Air Force aircraft.
It is perhaps significant that the requirements date from 1954 and
from 1971.

If such a capability were called for, MIL-A-9482 (reference 9)
paragraph 4.2 requires that the contractor conduct tests in dry air
"unless otherwise specified by the procuring activity to demonstrate

control system operation, temperature indication operation, operation
of overheat warning and cont;ol, freedom from overheating and detri-
mental effects of thermal expansion. In addition, a complete thermal
survey is to be conducted to determine the heat available". See
Table A7C (page,112) for details. In addition MIL-E-38453A, of a
later date, calls fo" 'demonstration in "natural or simulated (arti-
ficial) icing conditions". This could perhaps be an icing wind tunnel.

AFFTC is actively improving its capability for icing test at this
time and has an NKC-135 tanker modified to simulate icing con3itionsby providing artificial rain for icing tests at high speeds and a
C-130 Palletised Airborne Water Spray System for artificial rain and
"icing tests at lower speeds. Both of these systems can produce
"icing conditions ober limited areas of the test aircraft such as
radomes, windshields, engine air inlets (legally an engine test
problem!) or ram air inlets to the air conditioning system. Thus
we do have a capability for flight test if the individual case

Al requires it.

ENVIRONM1ENTAL PROTE~CTION OF TRANSPARENT AREAS

Requirements for environmental protection of transparent areas
have been summarized as follows:
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Anti icing Tables AGA (performance) and ASB (design)

Defrost/defog Table A9A (performance) and 9B (design)

(internal surfaces)

Rain and snow Table A10
ThereInsects, salt, dust Table All

There is, as one would expect, a great deal of commonality in the
requirements in the areas to be protected and the design flight
conditions. However, minor differences in these and differences
in acceptable methods of protection make it desirable to tabulate
each case separately. A comparative summary is shown in Table A12
(page 120).

In general, all "mission essential" transparent areas are
to be protected (except for the "excessive rain" case), Defrost/
defog and protection against rain and snow are specifically
required in ground operations. Salt and insect protection are
only called for when the mission calls for low level operation.

The protection mechanisms vary with the function and between[ aircraft but are commonly external hot air jet (anti-ice, rain,
snow) internal hot air (defrost/defog) and washing (dust, salt,
insects). Tests of anti-icing and rain removal can be performed
using the AFFTC water spray tankers. Defrost and defog testing
does not require external equipment and can be evaluated by
rapid descent after cold soak and on climbs out of atmosphere
with high water content or descents into humid cqnditions. Finding
suitable conditions for these tests can be a problem unless the
aircraft is deployed to a suitable test site. Not many Air Force
aircraft have windshield washing equipment but if it is provided
it should be evaluated.

Problem areas encountered are usually as follows:

a. area cleared of ice and rain inadequate - especially on
fighter class aircraft with large areas requiring clearance

b. inadequate defogging and de-icing

t c. high cockpit temperatures during defogging or de-icing.
• OXYGEN SUPPLY

" Oxygen may be supplied from a liquid oxygen converter

(MIL-D-19326F) or gas cylinders (MIL-D-8683B). Passenger supply
may be from chemical 3xygen generators with the approval of the
procuring agency. Criw supply is by demand regulators while
passenger supply is t3 use an automatic, continuous flow regulator
system. "Therapeutic" oxygen supply may be required in some
aircraft (medical typei).
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Oxygen systems use standard tested components (converters,
gas cylinders, regulators, masks and. 20 on). As a result,
evaluation of the system is limited to ride-along functional
checks and evaluation of maintainability and serviceability and
of the location of controls and indicators. Evaluation of the
oxygen systens is primarily the responsibility of the HUMan
Factors engineer. Paragraph 3.7.4 of MZL-D-8683B ,refereneo 10,
(which is aimed primarily at the contractor) states:

"3.7,4 Iahtest*. When specified, flight test. on the oxygen
systems shall ibecon-ted to determine the proper functioning of
all the oxygen equipment in the aircraft by actual crew use and/or
functional measurements. In addition, a determination may be made
of the suitability of the arrangement of the items from the standpoint
of accessibility and convenience to all crew members during
their flight duties".

Requirements of concern in flight test evaluation are
summarized in Table A13 (page 121). Appropriate flight tests are
discussed in the next section (Flight Test Planning).

i5
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PLANMING OP FLIGHT TRSTS

This Section addresses planniag of the contdnt of ECS, fS1Lri
test program, (including ground tests). The admiisstratim pr4&vdrea
required to execute these plans are cnmaon t -all AFITC flight,-
tests and-will change from time to time. The engineer should be
familiar with AFPTC Regulation S0-12 (Test Plan) and A7FTC Rot`- "ion
80-13 (Test Plan Technical Review) and related documents. Pro, .dures
for all-weather testing, an important part of UCS testing, are
reviewed in reference 13. An example of a Test Information Sh~et (TIS)
for an ECS evaluation is given in Appendix B.

UACKGROUND OF TEST PROGRAM

The function of the ECS is to enable operation of the
aircraft over the full range of operational environments it will
hsencounter-, on the ground and in the air (cold, heat, high absolutelI humidity, heavy rain, icingj and so on). Although there are a
number of ECS-peculiir tests, much of the data will be gathered on
a ride along basis or, for example, durinq all-weather testing of
the total system. EIS test requirements will, thereiore, be integrated
into a total flight test program designed to evaluate the weapon
system as a whole.

F.CS tests will usually be conducted in the context of
Combined Test Force (CTF) operations and will consist of a
coordinated, combined program. This program should be designed
to meet the needs of all interested parties - primarily the

A contractor, Systems L'roqram Office (SPO) and the AFFTC. The AFFTC
flight test engineer conducts tests or participates in test conduct as
necessary to ensure that AFrTC responsibilities are met. As the
flight program and development of the test aircraft progresses the
relative roles and risponsibilities of the member of the test team
will change. InitiaLly, emphasis is on development testing. At
this time the contra.ctor has a lead role while the AFrTC engineer
participates and condlucts his own analysis and evaluations. Later,
emphasis shifts to test and evaluation, with increased participation
by A1"T'C and using commands. The AFFTC engineer then assuimes a lead
role. Even though much of the work may be performed by the contractors
team, he must initiate and conduct tests as necessary and oversee
analysis and evaluation of resilts. This engineer should also establish
good communications with flight and ground crews and ensure alertne~s
to all ECS incidents relevant to evaluation.

Thefliht estengineer must become thoroughly familiar with
the system both as described in rliqht and Maintenance Manuals and
"•as it exists in hardyare form. 'These versions may differ significantly
in the development pkase of a new aircrqft (and sometimes in later
phases). Simulation of the air conditioning/pressurization elements
of the r.CS,, usinq a program much as 'EASY', is a very effective way' of
ensurinq familiarity with this, the most complex and potentially
troublesome part of the ZCS (reference 12).
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Careful record keeping is important. The engineer shou;ld
make and adhere to specific plans to maintain detailed, accessible
and complete test records for his own protection and for the
benefit of his successor in case he does not complete the program
and for use on future programs.

information sources to be reviewed, end referenced in TestInformation Sheets and reports, include the followings

Test Aircraft Flight Manual ("dash 1"), and/or Crew
Checklists

Aircraft Contract End Items Specificrtions

Military Specifications pertaining to the individual
system or test (of appropriate dates)

Organization Maintenance Manuals ("dash 2*)

Field Maintenance Manuals

Contractor System Operation and Service Manuals

Related AFFTC Reports

Formally published Contractor Test Plans

Formally published Contractor Test Riports

Program off;.ce requests (letters, TV.X's, etc.)

Related test plans includes those of other participating
comrands

1Hazard Analysis Safety Reviews (AFFTC Form 28) for rimilar
test programs

CHARACTER Or ECS TEST'S

The objective of an ECS test program is to ensure that theFCS adequately and effectively supports operation of the aircraft

over the full range of flight and weather envLronments called
for by its mission. Typically tests will include:

1. routine operations over the flight regimes called
frby the mission, including operation with partial failure

2. normal ground servicing

3. stressing flight profiles

4. all-weather tests
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The ECS providea a quito wide range of functions. rangirg
from tank pressurization to air conditioning. Many of these
functions are stressed Oy the same flight profiles. Also,
if instrumentation permits, useful evaluations of functioning
of many components can be acquired during rife-along observations
with other tests. This is particularly true, for example,
of oxygen systems and anti-g suits. Table 2 (page 63) gives a
fairly comprehensive list of test conditions and shows which
components are stressed by them. This table illustrates the need
for an integrated test program. A frequent source of problems is
incompatability of the aircraft with the support equipment. This
must be evaluated by performing normal checkout, post-flight and
maintenance using the equipment called for in the Technical Orders.

All 'leather Testing:

Procedures for these tests are described in Rleference 13.
These programs normally include tests in the McKinley Climatic
Laboratory at Eglin AFB and field test at sites such as Alaska
(winter), rl Centro NAS (desert summer) and in the Canal
Zone (tropical). 'Weather requirements are gLven in HIL-STD-21013.
(reference 14) Essentially full operational -apability is required
under extreme operational conditions, althouifh some special proced-
ures may be acceptable for an otherwise sati ;factory system.
All weather tests of the ECS will be integrated by the all weather
test enqineer into a combined program testing the whole weapon
system, using the Test Information Sheet (TIS) prepared by the EC3
test engineer. This program will be subject to tight schedule
constraints imposed by weather windows (Figure 19, page 64) and by
availability of the Climatic Laboratory. Usuanlly the ECS test
engineer will accompany the test team during these deployments.
Inccause of the schedule constraints it is necessary to obtain the
maximum amount of data in the shortest possible time. This requires
a significant amount of preplanning, a viable instrumentation
system, includinq a quicklook playback system at the test site,
and adequate manning.

The full range of ECS tests is not repeated, but normal
operational profiles and maintenance must be demonstrated in
the extreme weather conditions. Emphasis will be given to the
more stressing profiles and also to any components of the ECS
suspected to have marginal performance. Examples of stressing
profiles are given below for each part of the ECS. Compatability
will support equipment should be given carefuf attention.

A TEST REQUIREWTNTS FOR ECS COMPONENTS

Dleed Air System:

Test Objectives.

The test objectives are to determine if the bleed air system
meets the requirements s.mmarized in Tables AIA and A13 (pages 91
and 92). The primary requirements which influence flight test

planning are:I 62
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Hay Jun Jul -Aug Sop Oct Nov Dec Jan Feb'Ma Apr

Arclic ToetsI at I elsor AFS. Alaskii

otDeser Testi

at NA El Cqntro, CA

- Tropi Testi

- at H~o ard X1 0, Pai ama

Notes.

V 1. Conditions required for test are as follows:

Arctic -20 deg F and below
I Hot Desert: 110 deg F and above

Tropic: 80 deg IF, RH 75 percent and above

2. Shaded areas denote prime test time, cross-iiateled areas de~iote
15- marginal test time.

Figure 19 Clim~tic E~xtremes Windows
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1. the system shall provide air to all ocmponent'
requirinq bleed air at the specified pressures# temperatures
and mass flows

2. the system shall be able to supply the necessary
quantities to all equipment requiring operation simultaneously

Test Conditions .and Poecedures.

The pressures# temperatures and mass flows to the components
using bleed air will be monitored for all mission profiles. In
particular, it will be evaluated during the following (Table 2,
page l).

1. long range cruise at high equipment cooling load
(low engine powers)

2. fast descent at idle rpm (pressurization of compart-
ments and reservoirs)

I 3. throttle transients (possible flunctuation in pressure)

Data and Support Requirements.

The following data are required:

1. Fliqht conditions
2. flngine settings

3. Pressures, temperatures and mass flows at each component

4. Pressure, temperature and mass flow from each engine/APU

Pressurization of Occupied Compartments:

-Test Objectives.

The test objectives are to determine whether the system
meets the requirements summsrized in Tables A2A and A2B (pages
93 and 95). The main requirements which impact flight test
planning are:

1. Maintenance of pressure altitude schedule in climbs,
descents, etc.

2. Response to changes in setting (manual controls)
3. Freedom from contamination

4. Proper functioning of normal and emergency pressure

release systems
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5. Flow sufficient to mmet ventilation requiro•ants and in
relation to uncontrolled in-servico air leaks

Test Conditions and Procedures.

Flow rates and compartment pressures will be observed d•ing
the flight profiles shown in Table 2 (page 63 ) Specific tests
will include observations of%

1. M1aintenance of pressure altitude schedules

2. Response to changes in setting (when appropriate)

3. Leak rate (with pressurization off) during high altitudecruise (Appendix D)

4. Contamination measurement

5. On multi-engined aircraft, operation with one bleedair source off

S6. Exercise of normal and emergency pressure dump

7. Throttle transients

Data and Support Requirements.

1. Time histories will be required as appropriate of

a. flight conditions

b. engine settings

c. pressures in occupied compartments

]:4 d. pressurization air flows

2. Contamination measurements will be required

3. Computerized data reduction will be required

Pressurization of Elquipment Compartments:

Test Objectives.

The test objectives are to evaluate:

1. whether the equipment pressurization meets specified
requirements and

*2. over and above (1), whether the equipment preasuriza-
tion system satisfactorily supports the mission.
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General requirements are summarizetC in Table A3 (page 97) *Details
of the requirements are# however, peculiar to the aircraft system
under test and mest be derivedi from. the aircraft and item spteifi-
cations and the appropriate equipment specifications,, which the

compartments which are separate from occuped compartments are
to be regulated automatically.

Testconitios ad flghtproflesaresurmmarized in Table 2
(pag 63, Te tstsclosly aralelthetests of air conditioning
of quimen coparmens,,disussd alitlelater, and will be part

Tsswill consist of the observation of pressures in all
equipment compartments throughout the mission flight regime.

at idle. long range high altitude cruise, and possibly (on
fighters) engine transients.

Data and Support Requirements.

These are:

F 1. Recording of data

a. compartment pressures

b. flight conditions

c. engine settings

2. Computerized reduction of data

Pressurization of Subsystem R~eservoirs, Inflatable Seals
and _________ae odtrmn fth rsurzto

Test Objectives.

sytar.upplies pressurized air at sciedpressures,
temperatures, moisture and contamination leesto all subsystem
reservoirs such as fuel tanks, oil, hydraulic fluid, coolant

relevant. In the case of suits, proper functioning of the suits

will also be checked.

Pressures, temperatures, and where appropriate moisture
and cnaiainlvlwilbe recorded throughout the flight
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profiles summarized in Table 2 (page 63). Stressing conditions
are fast climb, fast descent at low power, and long range cruise
or loiter at high altitude. For pressure suits, operation should
be checked during cabin depressurization. Forz anti-g suits,
operation will be checked in appropriate comb.•t maneuvers.

Data and Support Requirements.

These are:

1. Recording of

a. pressures, temperatures, moisture and contamination

b. flight conditions

c. engine settings

d. crew comments on suit operation

2. ComputerizeO reduction of data

Air Conditioning of Occupied Compartments:
Test Objectives.

The purpose of cabin air conditioning tests is to evaluate if
Sthe system meets following requirements:

1. Ventilation rates are to be at least 20 cubic feet per
- minute (cfm) per man for all operating conditions and

at least 1.8 times the maximum allowable production
leakage rate for all pressurized operations. Air
velocities near seated personnel are not to exceed
300 feet per minute (fpm).

2. Radiating surfaces are to be at least 50 degrees F and are
not to exceed 105 degrees F near seated personnel during

Spressurized flight, and are not to exceed 140 degrees F
for all ot>, r locations and conditioas.

3. Air supplie( to the occupied compartments is to be frce
of entrainer moisture.

4 4. Air supplie(' to the occupied compartments is to be free of
L ( excessive contamination.

5. The automatic temperature contr(l is to maintain the
¶ .- average compartment air temperature to within + 3 degrees

F of selected settings. Temperature variations between
I any two poirts in a seating envelope are not to deviate

more than + 5 degrees F from the average cabin temperature.
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Temperature differences outside the envelope are not to vary
more than + 10 degrees F from the average cabin temperature.

6. Floor temperatures are to be maintainad above 60 degrees r
average, with no location less than 40 degrees F.

7. Average cabin temperatures are to be maintained between
45 degrees F and 90 degrees F for unpressurized flight
and between 70 degrees F and 90 degrees F during
flights with an inoperative air conditioning unit (multipleunit system).

8. The air-conditioning equipment, operating from either
aircraft engines or from the APU, is to be capable of
preventing the average compartment temperature from
exceeding 100 degrees F.

9. The heating equipment is to be capable of maintaining
the average compartment air temperature above 80 degrees F.

10. The conditioning system is to be compatable with the support

equipment called for in the Technical Orders.

Test Conditions and Procedures.

Air conditioning of occupied compartments is very important
I throughout the whole mission profile from ground check out to post

flight. Test conditions and flight profiles of primary concern
are summzrized in Table 2 (page 63). Stressing conditions include:

1. Fast climb and fast descent

2. Extended cruise or loiter at high altitude

3. Low altitudc flight after hot soak and cold soak

4. Conditions with high atmospheric water content

5. jupersonic cruise (when applicable)

6. Low altitude supersonic dash

7. Ground checkout, post-flight, and maintenance

Much useful data on compartment temperature and airflow distribution
shortcomings can be acquired during normal flight profiles but this
system must be fully checked during all-weather testing.

o'
Tests must include evaluation of air conditioning with one air

i " conditioning unit, one "failed" on multiple unit systems and tests
using emergency ram air.
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If the aircraft is equipped wi th guns,, contamination levelis
the gnfiring envelope. For these tests the crew should be on

a, ventilation rates (compartment air inlet temperature
and flow rate)

K b. air velocities at crew positions

c. temperature distributions at crew positions

d. temperatures of floors and radiating surfaces

e. contamination and noise levels

f. flight conditions

g. enqine settings

h. air conditioning system configuration

i.crew comments on system controls and operation

2. Computer reduction of data

3. Ground support equipment as called for by Technical Orders.

an qulripment aodtinn is very important for ground check out

andsericig a wel a thougoutthe operational flight regime,
an ilreur substantial part of the UCS testing effort.

TetObjectives.

The test objectives are to evaluate:H 1. how well the equipment conditioning meets the requirements
imposed by the aircraft end item specifications and equipment
specifications.

2. whether the equipment conditioning system satisfactorily
supports the mission.
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Test Conditions and Procedures.

Test conditions are summarized in Table 2 (page 63), and may
include:

1. Extended cruise or loiter at high altitude (low

available bleed air flow)

2. Supersonic cruise (when applicable)

3. Descent at idle power

4. Operation with an ACM failed and cooling using ram air

5. Low altilude flight after hot soa)k on ground (at low
power and sulersonic dash)

6. Low altitude flight after cold soak on ground

7. Landing in conditions with high waiter content after
cold soak at high altitude

8. Ground servicing

The system must be fully checked during all-weather testing.

Data and Support Requirements.

These include:

1. Measurements of temperature, pressure, flow, moisture
and contamination level of air supplied to air cooled equip-
ment and equiiment compartments.

2. Mcasureme t of coolant temperaturu, flow and flow conditions
through the h 'at exchangers for liqui-l coolee equipment.

3. Check for water and potential fungus problems

4. Crew comm nts

5. Computeri ed data processing

6. Support equipment called for in the relevant Technical
Orders.

Anti-Icing of Non-Transparent Areas:

* As was explained in the preceding Section on Requirements
and Problem Areas, full anti-icing of flight surfaces is very rarely
called for on Air Force aircraft. Anti-icing over limited areas
such as radomes and ECS air scoops is more likely to be required.
If flight evaluation of such anti-icing is required tests can be

"j made using artificial icing from one of the AFFTC tanker water
3pray systems.
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If anti-icing is provided the relevant flight conditions will
be defined in the aircraft end item specifications and/or .the ECS
specification.

Test Objectives.

The test objectives are to evalute the ability of the anti-ice
system to maintain satisfactory operation of specified components
under the flight conditions defined in the requirements, with
meteorological conditions defined in Figure Al (page 123).

"Test Conditions and Procedures.

The test aircraft is positioned behind the water spray tanker
at a distance predicted to give the desired liquid water content
in the spray. Sea marker dye may be used to determine the type of
ice formed exactly when the ice starts to melt. Additional infor-
mation on test prodecures can be found in Reference 15. Photo-

qraphlic records of the ice build up are taken, using a photo chase
aircraft if necessary.

Data and Support Requirements.

The following are required:

1. The NKC-135 or C-130 palletized water spray system

2. A record of flight conditions, including ambient
air temperature, separation distances and liquid water
contents

3. Component performance parameters (including temperatures
of anti-icing air/fluid, surface temperatures, electrical
power where applicable)

4. Photo records, if necessary from a photo chase aircraft

5. Engineering chase to accomodate the engineering test
conductor

Anti-Icina of Transparent Areas:

Windshields, bombardiers panels and all other mission esseitial
areas are to have anti-icing protection for all conditions of flight
(Table A8A, page 114). If there is a risk of overheating, te~iper-

! •ature limiting devices must be installed.

Test ObJectives.

The test objectives are to evaluate the ability of anti-ice
system to protect all mission essential areas in a1l conditions of
flight for meteorological conditions summarized in Figure A2 ipage 124).
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Test Conditions and Procedures.

These tests will also be made using the AFFTC NKC-135 or
CC-130 pelletized airborne water spray system. The test aircraft
in positioned behind the water spray tanker at a distance pre-
dicted to give the desired liquid water content in the spray.Sea marker dye may be used to determine exactly when the ice

starts to malt. Photographic records of the ice build up will

be taken. Additional information on test procedures can be
found in reference 15.

Data and Support Requirements.

The following are required:

1. The NKC-135 or C-130 palletized airborne water
r spray system

I 2. A record of flight conditions including ambient
air temperature, separation distances and liquid waterI content

3. Component performance parameters (including tempera-
ture of anit-icing air, surface temperatures and electrical
pcwer if applicable)

4. Crew comments

5. Photo records from a photo chase aircraft

6. Enqineering chase aircraft to accomodate the engine-
ering test conductor

Defrosting and Defogging of Tran:3parent Areas:

Defrosting and defogging is required for windshields,
bombardiers panels and all other mission essential areau for
all flight conditions and in taxiing. Areas to be protected
include those needed for taxiing. Performance and design
requirements are summarized in Tables A9A and A9f (pages 116 and
117) respectively.

Test Oblectives.

These are to evaluate the ability of the defrost/defog system
* to protect all mission essential transparent areas during taxing

and under all flight conditions.

Test Conditions and Procedure.3.

The ability of the defrost/defog system to protect mission

essential transparent surfaces will be evaluated during and after
descents from cold soak at high altitude as follows.
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1. During descent at recommended descent speed

2. In low altitude level flight after (1)

3. For combat aircraft, during-maximum rate of ddscent
at limit speed

4. In low altitude level flight after (2) (3) 7.'sts (1)
and (2) will be repeated during tropical tests and &lso
with one air conditioning unit inoperative on multi-unit
systems.

Data and Support Requirements.

The following data are to be recorded:

1. Flight conditions and flight profile

2. ECS operating configuration

"3. Defog air temperature and mass flow (if hot air
jets used)

4. Surface temperatures

5. Meteorological conditions, cockpit temperature and
cockpit humidity

6. Crew comments

7. A photo record of frost/fog build up

-rew comments should include any adverse impact of operation of
the defrost/defog system on crew comfort.

Removal of Rain and Snow from Transparent Areas:

Pilot and copilot windshields are to be protected. Also,
sensor windows are to be protected for all inflight conditions
for which sensor operation is required. Flight conditions
are summarized in Table A10 (page 118).

Test Objectives.

. To evaluate the protection of transparent areas against
heavy rain, and excessive rain and snow. Also, to check for the
possibility of erosion by the rain.

Test Conditions and Procedures.
Flight tests will be made using one of the AFFTC spray tankers

and also when suitable weather is available. They will include
as feasible:
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1. Taxi, take off, landing approach and landing

2. Flight at 1.6 times the stall speed at maximum
weight with gear and flaps up, for fixed wing aircraft

3. Flight at maximum cruise speed for rotary wind
aircraft

4. In flight cefueling conditions, if refueling is
required below 20.000 ft.

Simulation tests may also be conducted in the Climatic Labora-
tory. Details on procedures using the AFFTC spray tanker to
provide simulated rain will be found in reference 15.

Data and Support Requirements.

The following data are requireds

1. Fliqht conditions

2. I-eather conditions

3. Jet air temperature and mass flow (if air jets used)

4. Surface temperatures in the impingement area

5. Crew comment on protection

6. If feasible' photographic records of clearance

Protection Against Dust. Salt Spray or Insects:

Protection is required for pilot and copilots windshields
and for sensor windows on aircraft whose mission requires low
level flight over the oceans or along the coast (salt) or
overland (dust and insects). Vertical take off and landing
aircraft are to have protection for the pilot and copilotswindshields (Table All, page 119).

Test Obiectives.

To evaluate the protection provided.

Test Conditions and Procedures.

Fixed wing aircraft will be flown low over land or water
as appropriate in the manner called for in its mission profile
at times when weather/sea conditions are suitable for evaluation.

1Rotary wing aircraft will be operated under dusty conditions
as opportunity permits.
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Data and SuD~r PuLrmnsoae uport oet.

The following data will be recordeda,

1. Flight conditionst including height abovo ground/water

2. Weather/sea conditions

3. Flight and ground crow comments

Oxywen Systems:

Tes t, bj ectives •

Oxygen systems are primarily evaluated during normal ground
servicing and flight missions. Evaluation is for proper func-tioning, suitability of arrangement, accessibLlity and con-

venience.

Test Conditions and Procedures.

Crew comments are obtained during normal flight profiles
and ground servicing. In addition, proper functioning is
checked during compartment pressure dump tests and cabin
leakage tests.

Data and Support Reauirements.

Crew comments are required on system functioning and
on the suitability of the arrangement of the items from the
standpoint of accessibility and convenience to all crew members
during their flight duties and during servicing.

1A
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DATA ME.SUREMENT, ANALYSIS AND EVALUATION

GeAeral requirements for instrumentation for contractor flight
tests of, CS are givsn in MIL-9-38453A, paragraph 4.10. lequirements
for AFFTC tests are essentially similar, In summary, these must
measure

a. temperature, pressure, flow and sometimes moisture
content of air delivered by the bleed air system to all
components

b. temperatures and velocities around crew stations

. * C. temperatures, pressures and flows in and out of heat
exchangers

d. data in sufficient quantities to provide a thorough
analysis of the environmental control system performance

c1 enerous use of temperature indicating stickers is very helpful,
especially on equipment.

The engineer should review pickup locations and should review
all calibrations to ensure that they cover the appropriate ranges,
do not exhibit excessive hysterisis, show ade.luate accuracy and
are in general acceptable. + 3% of range is generally acceptable,
but + 1% is desirable in all-weather tests. Often ECS testing is
performed on more than one aircraft, in which case the parameter
selection may differ between these in order to reduce total .band
width requirements. Table 3 (page 79) gives an example of an
instrumentation parameter list for a single place fighter (F-16).
A large cabin aircraft such as the E-3A would, of course, need
many more measurements in the occupied compartments.i On an all-weather test aircraft the ECS must compete with other
subsystems for instrumentation capacity (Ref 13). Hence, ECS
instrumentation will tend to concentrate on output performance
parameters (cabin temperatures and so on) rather than on the inner
working of, for example, the air conditioning units. Some key
diagnostic parameters should, however, be included.

The overall objective of ECS tests is to evaluate the ECS
as a subsystem of an operational aircraft and to deternmine if
any serious problems or deficiencies exist. This evaluation

* will draw on qualitative comments of air and ground crew•s and
LI -, on experience gained in tests flown for other objectivc~s and/or

on other test aircraft of the type as well an on data f:.om tests
specifically made to evaluate the system.

The final report on the evaluation will give a brief descrip-
tion of the system and draw attention to leading partiS~ulars andI -to the basic logic of its operation. For each test the aircraft
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model, designation and serial number will be given. The general
approach will be to discuss each oomponent or function in turn,
briefly list the relevant evaluation criteria and state wheth• r
these were met. Indicate briefly overall results and trends.
The criteria must always include the overriding criterion of
operational suitability as well as that of meeting specification
requirements. If the subsystem fails to met a specification
requirement it may still be considered operationally aceeptable.
Further, it may meet specification requirements and still be
considered unsuitable for operational use.

When criteria are not met enough detail must be given to
S Ii effectively define the short-fall. Tabular summaries or time

histories will be given of the tests conducted with appropriate
comment. Where appropriate, as in dynamic conditions in general,
time history plots will be presented with attention drawn to the
important parameters. In some cases cross-plotting will be very
helpful. Still photographs are an important and highly effective

Ii means of illustrating some types of problem. The engineer should
ensure that appropriate photographic documentation is obtained.4 Photographs of pools of water in the cabin or of an iced over
windshield can be quite convincing.

SObjectives, pertinent parameters, criteria and presentation
recommendations for analysis, evaluation and reporting of tests
of each compartment are collected* for ease of reference, in
Appendix C.
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APPENDIXA

S~SUMMARY OF SPECIFICATION REQUIREMENTS FOR

• ' ENVIRONMENTAL CONTROL SUBSYSTEMS

Notet The test engineer should review the specifications ippli-
cable to the specific aircraft he is concerned with. These will.
usually be the versions current at the time when the aircraftis desiqned.
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Tab le AlA

Ensirme Sleed Air System

PerformanCOe Requirements

The system shall provide air to all components requiring
bleed air at the Specified pressures# temperatures and weight
flows. (3.1.3.1)

Leakage at any one joint shall not exceed 0.01 cubic feet
per minute per inch of duct diameter. Total leakage is to be
kept to a minimum. (3.1.3.1).

If duct failure results in an open line, bleed air shall
not be extracted from the engine(s) at a rate greater than the

engine manufacturers limit. (3.1.3.1).

The system shall be able to supply the necessary quantities
to all equipment requiring operation simultaneously. (3.1.3.1).

A normally open shut-off valve, which fails in the open

position, shall be provided at each source of bleed air.
(Manifold bleed parts on a single engine are considered to be
a single source). (3.1.3.5).

Note; Paragraph references are to Reference 5. (MIL-E-38453A).
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Table AlB

Engine Bleed AU~ system

Each subsystem deriving air from the engine bleed air shall
have an individual shut-off valve so that the subsystem can be
deactivated without deactivating the engine bleed air system.
(3.2.4).

All parts of the t-ngine bleed air system shall be designed
to withstand the simultaneous application of the most critical
combination of pressure, temperature and motion encountered in
operation. (3.2.4).

Internal velocities shall not result in a Mach number exceed-

ing 0.25. (3.2.4).

There shall be no aerodynamic resonances. (3.2.4).

Sufficient, accessible joints shall be provided to facilitate
installation and replacement and shall be clamped with quick-
detachable couplings designed to minimize leakage. safety-latch-
type couplings shallbe used where the bleed air temperature
normally exceeds 450 F. (3.2.4).

Shut-off and regulator valves shall be designed to preclude
failure or malfunction due to freezing of extrained moisture
or corrosion. (3.2.4.3).

Where multiple engine or multiple stage bleed will occur, a
check valve to prevent reverse flow of air into the engine
shall ho provided near each engine bleed port. A check valve to
prevent reverse flow of pressurizing air shall be provided in
each supply line to a pressurized compartment. Check valves that
are installed at duct joints should be attached to the downstream
portion of the duct to maintain pressurization integrity if the
joint separates. A shut-off valve for each independent source
of bleed air shall be provided as near as possible to the sourcef and remotely controlled from the crew station. The shut-off valve
shall be normally open and shall fail open. Provisions shall be

LI •made to provide closure of the valve during engine starting.
Where multiple sources are manifolded, isolation and crossover
means shall be provided to isolate each main supply duct and
crossfeed to subsystems from any source. Isolation valves shall
be normally open and shall fail open. Crossover valves shall be
normally closed and shall fail closed. A readily accessible
means for manually opening the crossover valve shall be provided.
Provisions to assure that a rupture in the crossover dicting will
"not result in loss of all compartment pressurization airflow shall
be provided, The isolation shut-off valve in each side shall be
upstream of any supply line takeoff for compartment cooling or
pressurization. (3.2.4.3).

Note% Paragraph references are to Reference 5, (MIL-C-38453A).
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Table A2A
Pre•surization of Occupied COeNaztDmat

Performance and Functional Deuuiremngt

licability. Required for all crew members and sm Ln
alrera t operating altitudes greater than 20#0e meet .1.1.I.

2Oertion. Shall require minimum attention and manipulation b
plot/crew maebers.

Schedule.

Cargo and rsonnel transports, navigation tralrn MW

eark wan aLp rc rafts cabin altitude selectable between-100 ad +0tuu rstsubject to maximum differential proeas
equivalent to the difference between 8000 feet cabin al~tiude

and the maximum operating cruise altitude of the aircraft (3.1.1.1.1.1).

Other aircrafts Cabin unpressurized up to 8000 feet. then
maintained at 30O0 feet pressure altitude to the operational
ceiling of the aircraft (maximum altitude at which the aircraft
can sustain level flight). If mission operation above 40.000
feet lasts one hour or less, a minimum of 5 psi differential
above 23,000 feet in acceptable if a substantial weight savings
results (3.1.1.1.1.1).

Pressure Regulation. Pressure shall be within + 0.4 inches Hg
of nominal selected when the cabin is pressurized, within the
range 0 to +1 inch 11g when the cabin is unpressurized. Overshoot
shall be less than 1 psi and fluctuation frequency less than
0.15 cps when the setting is changed, less than 0.2 psi for
transient changes when engine settings are changed (3.1.1.1.1.2).

Rate of ChanMe. For cargo etc aircraft, the rate of change of
cabn pressure altitude to be selectable between 100 and 2000

• feet/min. For other:i, not to exceed I psi/see decreasing or
• O.5 psi/sac increasing (3.1.1.1.1.2).

Excess Differential Pressure. A separate outflow valve, safety
Svalve 3r combination of valves shall be capable of passing the
entire air input to the cabin at a pressure not in excess of
1 iOpercent of the normal maximum operational differential•;pressure but salnot rleeat a pressure lestaO.1

psi about the upper tolerance limit of the maximum normal
poperational differential pressure. Protection shall also be
provided against excessive negative differential pressure (3.1.1.1.1.2).

Opening of CanSpies. Doors. Hatches. Provision shall be made to
ensure that detrimental residual differential pressure shall not
exist when such items are opened (3.1.1.1.1.2).

Note: Paragraph references are to Reference 5, MIL-R-38453A.
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Tab le A2A

Pressurization of Occupied Comartments

Performance md Functional Requirements - continued

|I
Pressure Release. Normal and emergency pressure release shall be
provided. Whore possible these shall be additional functions of
the safety valve. Normal pressure release shall be capable of
dumping cabin pressure without shutting off the pressurization
air source. Emergency pressure release is to be activated by
a single control and shall shut off the pressurizing air source
"automatically. The timc to accomplish pressure release after
initiation of emergency release shall be as followst

(a) an aircraft with emergency escape provisions for all
occupants, reach a pressure within 1 psi of ambient at an
average rate of O.S to 1.0 psi per second

(b) other aircraft, 60 seconds for cargo and personnel transports,
nav~gatiom trainers and early warning aircraft, 15 seconds
for others (3.1.1.1.1.3)

Availaible Flow. The pressure source, whether it is controlled
air !reOI the air conditioning s* stem or stored gas or a combination
of both, shall provide safficient flow to overcome allowable
uncontrolled in-service air leaks and maintain the required
pressure schedule and shall provide the required ventilation rate.
When pressurization is by stored gas supply the partial pressure
of oxygen in the occupied compartment shall be equivalent to that
at 8000 feet. (3.1.1.1.1.4)

Emergency Enclosed Systems. When these are installed a separate
pressurization sourco shall be provided for use during the
escape sequence and descent to earth and during periods of failure
of the aircraft pressurization system. (3.1,1.1.1.4)

Note: Paragraph references are to Reference 5, MIL-E-38453A.
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Tab 1i A2B

Pressurization of Occupied Coripartments

Design Inuirements

Pressurization Source. The air used for compartment conditioning,
when available at oozpatib'.e weight flows and pressures, shall be
used for pressurization. During flight conditions when the
conditioned air weight flows and pressures are marginal for
providing pressurization a means to supplement pressurization
airflow shall be provided. When compartment conditioning air is
not suitable, first consideration should be given to using
temperature controlled bleed air before using high pressure stored
gas as the pressure source. (3.2.2.1.1.1)

Multiple Sources and Single Failures. On multi engined aircraft
at leat two sources shall be proviled, capable of providing
the required pressurization individually with a means of selecting
each source, combinations of sources or the "off" position. No
single failure of any supply or control component shall result in
the occupied compartment pressure altitude exceeding 14,000 feet
on multi engined, passenger carrying aircraft that do not fly
above 50,000 feet. No single failure shall result in conditions
where crew or passenger safety is jeopardized with the use of
available oxygen provisions on aircraft flying in excess of
42,000 feet. No single failure shall result in the failure of
any other component either directly or indirectly. (3.2.2.1.1.1)

Check Valves, Check valves or other suitable automatic means
of sealing all pressurization supply inlet openings into pressurized
compartments to prevent rapid loss of compartment pressure in the
event of air source failure shall he provided. When two or more! • sources supply a compartment throuqjh commnon ducting at check valve

or other suitable automatic device shall be included in the ilet
line from each source. (3.2.2.1.1.1)

JAegulators, Safety Valves and Blow out Panels, At least one
pressure regulator shall be installed in-each' portion of the
aircraft where occupied compartment pressure can be maintained
incependently or in each portion of an occupied compartment where
3egregation is possible. Pressure reglator outflow valves shall
be designed so that they will remain in their last position or
close in case of failure. Means of making the regulator
inoperative in the closed position shall be incorporated to enable
occupied compartment pressure and loakage tests to be conducted
on the ground, with means to prevent leaving the valve in the
closed position. Protection of occupied compartments from
ex.essive positive or negative differential pressures shall be
"provided. 3afety valves shall be designed so that they will
remain in the last position or close in case of failure. slow
out panels or sufficient flow areas between compartments to
prevent personnel injury and structural failure in the event of
sudden decompression shall be provided. Regulators, safety valves

Note: raragraph references are to Reference 5, MIL-E-38453A.
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Table A2B

Pressurization of Occugied Compartments

Design Requirements continued

or outflow portions of each shall be protected agains-t0dage or
tampering. Discharga parts shall be located in an ambient preuijure
area not subject to exposure to adverse weather conditions such
as icing or rain or to physical interference from structures,
insulation or any other installed items. (3.2.2.1.1.2 and
3.2.2.1.1..3)

Single Failure. No single component failure, sensor or control
line leak snail result in simultaneous failure of both the compart-
ment pressure regulator and ths safety valve. (3.2.2.1.1.3)

Instruments nd Controls. A caution indicator to show loss of
compartment pressure below 10 psia shall be provided in the crew
station of all aircraft having occupied pressurized compartments,
except for aircraft deaigrnid to a 5 psig schedule. A warning
light to warn occupants that compartment pressure has dropped
below 3 psia for combat aircraft and 8 psia for passenger carrying
aircraft shall be provided in the crew stations of all combat
aircraft that operate above 42,000 feet and passenger carrying
aircraft that operate above 25,000 feet, respectively.

Crew station controls for accomplishing pressure release shall
he provided. Crew stations controls for selecting cabin rate of
climib and descent and variable isobaric altitude" cabin pressure
altitude indicators, instruments to show cabin rate of climb
and descent in feet per minute and cabin pressure differential
in psi shall be provided in the crew compartment of cargo and
personnel transport, navigational trainers and early warning
aircraft. (3.2.7 1.1.2.3)

I Note: Paragraph. references are to Reference 5, MIL-E-38453A
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Table A?

Equipment Pressurization

Unit Pressurization.

Equipment requiring individual unit pressurization from an
external source shall be supplied flows at pressures, temperatures,
humidity, and contamination lavles that are ,omatitbl wiLth the
equipment specification and KIL-E-5400. When two or more units are
pressurized by the same source, loss of pressurization by one shall
not cause loss of pressurization to the other units. Pressure relief
provisions to prevent overpressuri ation of the equipment shall be
incorporated. When radar units are pressurized by individual pressur-
izing sets, the AN/ASQ-14t the AN/ASQ-15, or the AN/ASQ-70 pressori-
zation set (government-furnished aeronautical equipment) shall be'
used wherever compatible with the radar pressurization requirements.
(3.1.1.1.2)

A pressure regulator shall be provided when necessary to. insure
pressures compatible with the equipment. Provisions that allow ground
checkout of the pressure regulator, relief pruvision, and system
leakaqo shall be incorporated. Providing a am-ans for indicating loss
of equipment pressurization to the crewmearuber shall be given consid-
eration. (3.2.2.1.2)

Equipment Compartment Pressurization.

Pressurization of equipment compartments that are separate from
the occupied compartments shall be regulated automatically and main-
tained at a pressure compatible with the most critical unit contained
within the compartment. WheA the compartment pressurization is accom-
plished by controlling the outflow of atr conditioning air or stored
gases from the compartment, a second outflow valve or safety valve to
prevent excessive positive and negative pressures shall be provided.
The valve settings shall be determined by structural considerations.
The compartment pressurization medium shall be supplied at pressure,
temperature, moisture, and contamination levels compatible with the
equipment specifications. The air used for equipment compartment
cooling, when available at weight flows and pressure sufficient to
provide pressurization, shall be used. If the cooling air is not
suitable, the equipment compartment pressurization shall be provided
from a high pressure stored gas system, use of temperature controlled
engine bleed air, the pressure shall be maintained by controlling
outflow of air from the compartment by means of a pressure regulator.
A sagety valve shall provide positive pressure relief and negative
pressure relief. The regulator shall be provided wtth means for
holding the. outflow portion ir, the closed position to accomplish
equipment compartment ground pressure and leakage tests. means to
prevent leaving the valve in the closed position shall be provided.
Moisture levels shall be ý,omaatible with the moisttree levels specified
in the equipment specification(s). Providing a means for indiCating
loss of equipment compartment pressurization to the crawmeibers shall
be given consideration. (3.1.1.1.3 and 3.2.2.1.3)

Note: Paragraph references are to Reference 5, MIL-2-38453A.
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Table A4

Pressurization of Subsystem Reservoirs and Inflalable Seals,

Sunplv of Suits

SusystAm 1Msemvoir P•.ssurizttion.n

When the reservoirs of subsystems such as fuel, oil, hudraulic
fluid, coolant fluid, and water are pressurized with air, the pressur-
ization airflows shall be provided at pressure1 temperature, moisture,
and contamination levels compatible with th applicable subsystem-
specification requirements. Fail-safe provisions to prevent the
entrance of hazardous fumes and fluids into environmental control, the
environmental protection, and the engine bleed air systems shall be
provided. The supply air flow rate and temperature shall be controlled
to prevent autoignition. Fuel or fule vapors shall be prevented from
backinq up into the enbleed air system as a result of fuel expansion,,
even with the failure of a single component. The entrance of fule funes
into the engine bleed air system shall be prevented by fail-safe pro-
"visions consisting of two check valves or two similar redundancy means.
Means for enablinq ground test of fail-safe provisions for proper oper-
ation shall be incorporated. Where single failure can create the
possibility of excessive fuel tank air temperatures, means for indicating
"excessive temperature to the crewmembers shall be provided. (3.1.1.1.5
and 3.2.2.1.5)

Inflatable Seal P~ressurization.

Inflatable seals shall be sufficiently pressurized to provide
effective sealing of closures when the compartment pressure is at a
maximum, the aircraft is at maximum operational ceiling, and the
pressurizing source is at a minimum pressure. The pressurization mndium
shall be supplied at pressure, temperature, moisture, and contami',ation
Slevles ompatible with each inflatable seal requirement. The inflatable
seal system shall include pressure regulator, check valve, filter, and
ground pressurizing and checkout connections in accordance with MS33565
Sand ,hall be located•to be easily accessible during ground maintnenance.
The iflatable seal system shall include provisions for deflation when
on the ground. The seals shall remain inflated in the event of aircraft
electrical system failure. (3.1.1.1.4 and 3.2.2.1.4)

Anti-S Suit Air SuDRIy.

Pressurization air at pressure, moisture, and c9ntamination levels
compatible with the an.i-g suit equipment shall ba provided to eachanti-g suit on aircraft in which the anti-g suits will be used. The
teseraturo 8 f the anti-g suit air supply shall be controlled ietween
50 F and 130 F. The compressed air source, when required, shall be inaccordance with MIL-D-7890. (3.1.2.7)

Note: Paragraph reierences are to Refer3nce -5, UIL-EB-38453A.
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Table A4

Pressurisation of Subsystem 8aervoLC s av nf)*able Seala,

Supmly of, SMtIts -, ContlAn1AW

E xe s s u r e. Su it A ir S u n l v 
- ....

O

supply of air at pressure, moisture# and contauainati levels
compatible with the pressure suit equipment s"ll be provided for each
pressure suit on aircraft in which pressure suits vill be used. The
teoperature of the pressure suit air supply shall be controlled between55"F and 90 F. Pres sure suit provisions shall be inorporate& -Ln
accordance with SectLon SB, Chapter 5 of the AFSC Design Handbook DII
2-3. (3.1.2.9)

Note% Paragrap'i referepces are to Reference 5, NIL-E-38453h.
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Tabl* ASA

Per& foxma' rw~iaa~n aie nts

Cooling inl *,. Throughout the eat and humidity range

Sspecified I n WN STD-210 the cooling equipment shall have
.. suffigient eapacity to maintain the average compartment temperature

at 70 F for all fliqht @OfEtiones, througbobt the range f .ra
minimum to maxiLum engine psear setting, except for traients of
30 minutes or less much as cliab, idle desAent, and high speed'-
burst. For transient flight conditions of 30 aLnut 8 8 duration'
or less the averaqe comartment shall not exeefd 80 F. (S/31!.102.1.1)

Cooling on Ground. During ground operation in all temperature and
humidity of Figure Al, when using either the aircraft
propulsion engines operating at idle or an on-board auxiliary
power unit, the cooling equipment shall be capable ofopreventing
the average compartment temperature from exceeding 80 F. Transient
cool down times of compartments following high temperature soaks
shall he as specified in the weapon system specifications or held
to a minimum if not specified. (5/3.1.1.2.1.1)

Surface Temperatures. The temperature of all surfaces except
smal surfaces which radiate heat to occupants shall not exceed
levels which adversely affect human comfort. These temperatures
shall not exceed 105 F, except during transient periods of 30
minutes or less at which time they shall not exceed 160 F. All
surfaces in occupied compartments, which can be touched by personnel,
shall be maintained at levels that will not cause discomfort if
touched with the unprotected parts of the human body. (5/3.1.1.2.1.1.)

Warm-up Time. Air cycle air conditioning shall be capable of opera-
ting a-full capacity within 60 seconds of Pnitial oneration after
soaking in any ambient temperature from -65 -o +160-F. (7/3.6.1.2)

-leati- The aircraft heating equipment shall be capable of gain-
taiTnin an average conpartment air temperature of at least s0 F
for all ground and flirht conditions when operating in cold day
ambient conditions specified in N1L-STD-210. Floor areas which
the crew members and passengers will be in co itact with SorI extended time periods shall he maintained at or above 60 F during
"all flight conditions. Floor areas which cre, members and passengers
will not be in contact with for extended time periods shall be
maintained during all flight conditions with -n average floor
temperature of at least 60 r with no areas colder than 40 F. The
maximum floor temperature shall not exceed a level that is hazard-
ous ýjr uncomfortable. Minimum temperatures of radiant surfaces,
except small local areas. to which occupants may be eposed in
flight for periods longer than 30 minutes shall be 50 F.(5/3.1,1.2.1.2)

Note: Paragraph references are to Reference ' (MIL-E-38453A) and to
R~eference 7 (!41L-.A-13116A)e
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Performance Table A5A

�otJona1 aea�aiements - continued

� temperature controls shall meet

(a) SteaAy state: hold average compartment sir temperature
within ±� F of settir�g selected by crow.

0(b) Transient: the time required to stabilize within ±� F of
the setting selected after extreme transients caused by engine
power changes, aircraft mszaeuvers or change ol selected temp.
erature shall not exceed that specified by the airframe
contractors detailed specification and shall be held to a
minimum.

(a) Z4anual: an electr�.ca1 or mechanical means of over riding
the controller shall be provided. (5/3.1.1.2.1.3)
Distribution. Temperature variation between any two points in
_____________

tne en�e1ope tccupied by seated personnel shall not deviate n�r�
than 5 F from the average compartment temperature. Temperature
differences outside the envelope of seated personnel shall not
vary m�ro then 10 F from the average compartment temperature.
The velocity of the air m�ving past crew members or passengers
shall not exceed 300 feet pe� minute. (5/3.1.1.2.1.4)

Ventilation. A fresh air ventilation rate of at least 20 cubic
!�t�E�I�nute per person shall be provided for the full
complement of crew members and passengers during all flight and
ground conditions, except that the minimum ventilation rate for
passengers on high density personnel transports may be 13 cubic
feet per mi nuts per person. I The minimum airflow rate into the
compartments of pressurized aircraft for all flight conditions
shall be at least 1.8 times the maximum allowable production
leakage �'Mte. (5/3.1.1.2.1.5)

(5/3.1.1.2.1.6)

Ram Air Ventilation. An emergency ram air ventil:tion system that

Contamination. Air supplied to occupied compartment. * regardless
or origin. uball not cause oQmpartusnt contamination 3.eveZs in
��3: Paragraph references are to fisference 5, ZEZL-E-38453A.
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IaA58

Cow g, Cooling may be by tir,-qo ol efhd-erte-.: Layd..
refri-9atieon, ran air. cumpartment aLr, empandabl. auo ti,
heat storage materials, thermoelectric refrigeration or similar
techniques. (5/3.2.2.2.1)

Vpor C'ycle Refrigeration. See section 3.2.2.2.1.2 of NIL-3-

Air Cycle-RerJ•gerition. See KIL-A-83316A. Some highlights aft
summarized beaw.s

IL *

(a) it shall be an integral part of the ECS (7/3.5)

- (b) non-operating cnmponents shall have a life equal to that of
the weapon system (7/3.5.3.1)

(c) operating components which can be overhaalod for not otrthan 651 of the initial cost shall have minimum enduranceeliven s
as follows (7/3.5.3.1 and 3.5.3.2)

Cargo and bomber aircraft 3000 hours

Fighter and trainer aircraft 2000 hours

Missiles 500 hours

All others 1000 hours

(d) the subsystem shall be designed for maintenance, other than t
overhaul of the air cycle machine, at organization and field-
maintenance levels (7/3.5.4.1)

(e) filters and water separator ooalescore shall not, under nrimal
conditions, require removal from the air vehicle for cleaning in
less than 500 hours of operation (7/3.5.4.1)

(f) turbine inlet nozzles shall be replaceable af a single unit
(7/3.7.1.13)

(g) the air cycle machine shall be so designed as to avoid adverse
effect of entrained moisture or ice (7/3447,•.11) •

Elapsed TimjagsicatoE,s. Refrigeration ua'-ts shall havweJlals .
time meters-reading up to 9999 hours which can be read easily
without mirrors and not be easily damaged. (7/3.7.1.3)

Note: Paragraph references are to Reference 5 (KIL-E-38453A) and
to Reference 7 (MIL-A-83116A).
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Air Cqnditiosno VOL*
•r md•o~r•o!Occunied Comertmnt.

i ~Depiun .saui~remsnt - o@ntn~t•

L * water separators shall be installed as far as
possll dwnream From the turbine toles@ separatLei Le by a
regenerative heat exchange process. An integral bypass valve
which will allow airflow around the separator if the normal
passage Le blocked by dirt or Lce, so located that its operation
will not be prevented by ice build up. Separators exposed to
the possibility of freezing condition shall be protected by an
anti freeze control. Phe valve controlling the werm air flow
to prevent freezing shall fail closed. (3.7.4.1)

Lubwication. Air cycle machines and high speed fans which use
w sump lubrication shall not require changing or addition of
oil at intervals of less than 500 hours of operation. Those
using other types of lubrication shall not require changing
or addition of oil at intervals of less than 1000 hours. (3.5.4.1)

r

I

Notel Paragraph references are to Rheference 7, MIL-A-83116A.
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Tab ale MA

Rui~pment Co•ditt6ninq

Perfomane and Functional NsUuirements

•auiwant, ,,,nd E•aunent Coamartamnts.

Conditioning an required by the equipment specifications and
the results of analyses and evaluations accomplished in accordance with
MIL-STD-890 and MIL-3-83210 shall be provided for equipment and
equipment compartments. (3.1.1.,2.2)

i

nlectronic Eiuipment Cooling.
A

The cooling pro-isions for electronic equipment, excluding the
means for distributi- n of the coolant media, shall provide ooaling for
an electronic heat d.ssipation load 25 percent greater than the on-board
electronic equipment heat load of the first production aircraft. This
excess capacity is intended for future equipment that may be added to
the aircraft during 3ervice usage; therefore, an additional allowance
in excess capacity for equipment that might be added during the devel-
opment phase prior to production and for possible increases in heat
dissipation of equipment over that assumed for the equipment at the start
of the proqram shall be made in establishing the total system cooling
capacity at the start of an aircraft development program. The appro-
priate environment for both operatinq and nonoperating equipment shall
be maintained during all flight conditions and all aircraft groung
operational conditiois with ground ambient tcmperatures up to 125 F
and ground humidity Levels within the range defined by figure I,
including engines at idle speed. The ram air cooling systems for
electronic equipment shall have provisions to assure that the equipment
will not be adversely affected during the flight in rain with rain fall
rates up to 6 inches per hour. (3.1.1.2.2.1)

Free Convection Air Cooling.

Compartments containing electronic equipment in accordance with
MIL-D-5400, which art! cooled by ambient free convection, shall be
supplied with sufficcint conditioned air to maintain the ambient
temperatures, throughout the conditons of 3.1.1.2.2.1, within the
specified maximum and minimum temperature and altitude limits for theparticular class of equipment as defined in NIL-E-5400. Free convection
cooled equipment shall be limited to the operating environment for
which the equipment was designed and tested. (3.1.1.2.2.1.1)

1 Internally Forced Air Cooling.

Force air cooled equipment shall be provided with the cooling air
temperature aid weight flow specified in the equipment specification.

Note: Paragraph references are to Reference 5, MIL-E-38453A.
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Temeraureandpressure ambient@ compatiblewihtenvrmnto

the equipment has been tse, hra nlssta ilso
satisfactory functional and rlaiiyprome a eacpal
in Ileu of a retest. Cooling air forced directly over the surface of
ainiaturimed or basic elctronic ntshalbe totally void o
entrained inisture.(.112.12

Cold Plate Forced Convmecton AirCold

Air supplied to cold plate forced convection cooled units shall
meet the temperature and weight f low or heat rejection requirements of
each equipment specification. (3.1.1.2.2.1.3)

Forced Convection Liguid Cooled,

Liquid coo lent supplied to forced convection liquid cooled equip-
ment shall be at flows, temperatures,* and pressures specified by the
equipment detail specifications. All line replaceable ~unit@ of the
liquid cooling loops shall have self-sealing disconnects. Liquid

sealng ad aqu~c-ftsonndt tpe.(3.1.1.2.2.1.4)
Temerature Controa.

Terange and rate of fluctuation between minimum and maximum
electronic equipment operating teniperatures shall be aiamiaied anad
should not exceed that necessary to provide the specified equipment
reliability exarupt during emeargency carn air operations, Tale inlet
cooling air temperature and flow rate to forced and ambient cooled
electronic equipment should be controlled to prevent overcooling and
assure no problems dve to misture. (3.1.1.2.2.2)

Distribution.

The cooling air shall be distributed to each unit of equipme~nt
ina accordance with tbe cooling requirements determined as specified
in 3.1*1.2.2 and 3.1.1.2.2.1. Mhen plenum chambers (integrated equip-
ment racks and distri~uticn system) are used to supply cooling air toI several units, the effects of tenerature rise sand proessure loss shall

fte Paragraph references are to Referenice S * NIL-8- 3843 3A.
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Table MA

Eq&uip-merit. Condi tin"n

Performance cnd-Functional paqi~ns- o~nm

bo taken into account in deermininq cooling requirements. Allowances
for improper flow balancing and system leakage shall be imcludou in
the cooling requirements% Cooling air ducts touted through conqirtments
in which high ambient temperatures or humidity can exist shall be
insulatod to prevent excessive heat gain or condensation. When equip- '
rwnt is cooled by exhaust air from~ occupied compartments*# sufficient
redundancy shall he incorporated to insure that no single failure in
the occupied compartment cooling circuit will result in equipment Over-
heat. Flexible ducts shall be in accordance with 14IL-II-8976. All
other ducting shall meet the flame resistance requirements of .41L-11-8796.
(3.1.1.2.2.3)

Cotmination,

Air delivered to the interior portions of internally forced con-
vection air cooled electronic equIipment shall not contain more than
0.1 gram of solid contaminants per pound of air, and 95 percent of the
particles shall be less than 20 micron in size# and no particle shall
be greater than 50 micron. (3.1.1.2.2.4)

Emergency Cooling

In the event of failure of the normal mode of cooling, an alternate
coolinq mode through the use of rem air or another cooling unit if

* available shall be provided for all mission essential electrical and
electronic equipment# weapons,, and any other applicable compartments,
which are not normally cooled by ram air, to enable sufficient cooling
of the equipment for mission completion as long as ram air temperatures
are below~ 120 F. The emergency ram air controls shall be designed so

*1 i that the normal Supply Of cooling air to the equipment and equipment
compartment is shut off and compartment pressure in released when emog-

cirui shllbe prevented unless it is configured to act as a dump

funcion.(3.1.1.2.2.5)

-oe Paragraph references are to Reference 5p MIL-.K-38453A.
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Table AGS

z-uipnrnt Conditionrin

Deoian Peuuireunt

3_uimeiMt and ftUirnment Comartunt.

Temperature control for equipment and equipment oo partmsnts shall
be automatic. An indication of overteiperature oOnditions shall be

*. provided to the crewmembers. (3.2.2.2.5.2)

The cooling air shall be proportioned to the equipment in accordance
with the cooling requirements of the applicable apecLfication.
Insulation to prevent excessive heat galans shall be installed
around the equipment and equipment compartment distribution ducts
when ducting is routed through compartments capable of high ambients.
When cooling of equipment is accomplished with the air exhausted
from occupied compartments, sufficient redundancy shall be incor-
porated in the provisions that induce flow to the equipment to insure
that no single failure will results in equipment overheat. Flexible
ducts shall be in accordance with 14IL-II-8796. (3.2.2.2.6.2)

Contamination Control.

Wthen filters are used for contamination control, the quantity and

typo of filters shall be minimized. The filters shall be located for
easy accessibility for inspection, cleaning, and replacement. The
filters on aircraft that may be exposed nuclear particulate matter andi
chemical and biological warefare agents shall be eesigned witli a remote
handling capability. (3.2.2.2.9)

I

-Note: Paragraph references are to Reference 5, MIL-P.-38453A.
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Table AMA

Anti-Icing Of NoM-MV4_11.80aent Areas,

Areas to be Protected, Protection is to be provided as follows

RadOmes and antennas if required to maintain radar or
communT-c-afo-n's" en•lclency.

Flight surfaces, pylons and external stores all on which ice
build up or shedding woula cause flight hazard, engine damage or
significant deterioration of performance.

Ram air inlets Ram air inlets and emergency ram air inlets
supplying cooling to air conditioning packs, electronic equipment,
and compartments unless operation under icing conditions is
possible without detrimental ice build up that could seriously
impair air conditioning performance or equipment cooling or
damaqe system components. Protection is to be provided for guide
vanes or at abrupt changes in direction.

Meteorological Conditions. As shown in Figures A2 and A3. (5/3.1.2.6)

Flight Conditions. The following are the design flight conditions:

(1) Climb at speed for maxinum rate of climb.

(2) Cruise at speed for maximum range at normal operating
altitude, if this is less than 20,000 feet.

(3) Descent at speeds, rate of descent, and engine power asrecommended by the manufacturer and approved by the procurring
activity. (9/3.3.2)

If the design mission of the aircraft requires intermittent
operation below 20,000 feet typical conditions including high and
low speed shall be included as desiqn points. (9/3.3.2.1)

Ground Oeration. The system shall be capable of operation on
• te ground. (9/3.6.5)

Anti-icing Standards for Speeds less than Curve A of figure A4.
complete evaporation of all impinging water droplets at 15-F
unless the entire surface is heated, in which a running-wet
surface is allowable with a minimum surface temperature of 35 F
at 0 F ambient temperature. (9/7.3.2)

For Speeds greater than Curve A but less thaM Curve B the system
neec only provide a running-wet surface at 5-F ambient since the
runback will not freeze. (9/3.3.4)

Notes Paragraphs are to Reference 5 (MIL-E-38453A) and to Reference
9 (MIL-A-9482).

109 I



Performance and Functional R~equirements -contisnued

For Qds greataer than Curve B no- anti- icing -Sý -b4"ilw
ecept for lancing and take off. For this case the contractor'

shall recommend and the procurrin9 activity decide whethog an
anti-icing system is needed. (9/3. 3.5)-

Note: Paragraph reference is to Reference 9, MIL-A-9487.



Tablae A7B

AztjmLoinQa of fa=mT LLa~4~as

Heat Source. Thermal anti-icing m. eye 1,, uet- coform to RXLmAu
9112. Ye"'primary heat source shall be hot air obtpined from
compressor bleed, exhaust gas heat exchangerwo'nixtires of
compressor bleed air and exhaust gases or combusti~on heaters.
Electrical heating may be used for small areas wherek it in more.
convenient or where it induces loes penalty to airorkaft performance.
(9/3 .9/1)

Scoops and ducts leading to exhaust gas heat *xchangers or
combustion heaters which provide heat for ahtliieing shall be
electrically heated. (9/3.5.2)

When vote than a single source of heated air is used to furnish
heat for the anti-icing system, the several sources shall be
manifolded together so that ý.n the event of the failure of one
heat source the remaining heat supply can be distributed to all
the surfaces to be anti-iced. (9/3.5.3)

not air cycle or electrical cycle do-icing and anti-icing may be_
used when designed and installed in accordance with an approveid
contractor specification. (5/3.2.3.5.3)

Notes Paragraph references are to Reference 5 (MII-E-39453A) and
to Reference 9 (MIL-A-9482).



Contr&Ao Sign TA U quir.me.nts

From MIL-E-3845-,I,, 21 ep-ceaber 1971 ,

Fli~h~aWSHfaO, inlet. a Rbm`tid.~

Flight testing of flight surface and inlet-anti..iclig..p~oii
shall be accomplUqhed in acordancae with MIL-A-0482 4ndiidps•xated
by flight in natural or simulated icing conditions. Flight testing
of radome anti�icing provisions shall be accomplished, with prosdures
given in MIL-A- 482 for flight surfaces, and fmontftrats 7k• h 4.ght
in natural or simulated icing conditions. When flight aur-ac m*z
inlet anti-icing provisions are not provided, flignts shall be made

V with simulated ice build-up shapes installed to demonstrate that per-
formance is not degraded below a minimum acceptable leve6.. (440.7.7)

"I. From MIL-A-9482, 2 September 1954 .

[ Flight Tests.

Fliqht tests shall be oonducted to demonstrate control aystem
operation, temperature indication operation, operation of overh4*t4
warning or control, freedom from overheating and detrimental effects
of differential expansion. In addition, a complete thermal survey
shall be conducted to determine Wie heat available. These tests
shall be conducted in dry air unless otherwise specified by the pro-
curing activity, but should be conducted with sufficient detail and
accuracy to permit extrapolation of the results to actual icing
conditions. Flight conditions shall include at least the following:

(1) *Iormal takeoff ane climb to operatinr altitude
(2) lormal descent and lending
(3) Level flight at speed for maximum endurance, maximum

I speed, and an intermediate speed approximately halfway
between these speeds at 5,000, 12,000, and 20,000 feet
altitudes (4.2.3)

Instrumentation shall be installed to determine the' qunatity and
temperature of air from each heat source and the temperature and
quantity of airflow in all main distribution ducts. At least 3 wing
stations on one side of the airplane and 2 stations on one horizontal
and vertical tail surface shall be instrumented to proves a chordwiso
profile of exterior and inner skin temperatures as well as temperature
drop and airflow through the double skin passages. The remaining wing.i
anO tail surfaces shall have sufficient instrumentation to insure that
they are -receiving the same heat supply as the comp~letely instrumented'
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IsAB

hmt-Ic of TraMnarent Aeas

Mtth••ta May be hot air jet blast, electrical conductive coatings
TInfrared radiation. For areas other then windshields and the
bombardiers panel liquid spray or extendable shields or deflectors
may also be used. (6/3.7.1.1 and 3.6.3)

OPr If the design is amh that overheating is
posIbie under ground or flight conditions teruerature
limiting devices shall be installed. If electrically conductive
coatLnqs are used a separate control sensor, overheat sasore
temperature controller and power source shall be provided for
each panel. Positive pover-off action shall result in the case
of a control circuit malfunction or failure that could result
in overheat. (6/3.4.1.2, 3.11.3 and 3/3.2.5.1)

I - Control. when electricallýy 9onductive coatings or infrared
sources are used they shall incorporate an automatic temperature
control operated by a teoperature sensing elowmnt in the
transparent area. A multi po itLon switch having not less than
"an off, low (approximately 1/2 total power) and high position
shall he used to operate the system. (6/.11.1.3)

hlots: Paragraph references are to Reference 3 (mIn-.--38453A) and
II "to Refere.nce 6 (MIL-T-5842A).
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Pe1NUnt Nruet

ranaLparent aroaa essential to L~r -tts-zlo2 of -tho circraft uucil.
as scswinizig or siqlhting stations,, auftodot.nes, caniora win~bws,
,ireas re.-uiret! by tho pilot or co-.pilot for e.'v~ariva acton
areas requiredI by t~he flight engirteer to chec c~raptimV, Of
nnfrjflQ3 or-control surfease, areat - oqvir& Eo V1e,~tL1~q

-Iligh c~dtos ll con~ditions of fli.~htt iflcluceiflg-14g
atcostafItl do. -Ndditionall!v fort cozdhat aircrzft,'diur nV

I rapie deoscent from~ altitude (marimum rate of dencorht -t-it
e'ive sp~eed fromt servien ceil~tg -tc 3ta ?nv61 ari ratd of'deacoia
at recorx~In('ed descent speed). (3.1'.4-and 301I.5)
ý.ts,103 leric C~onditions5. Uith sitturated' air within the cox~vartmenOt
-at all to.-Veratures an'd altitutles, incluciing rioistuire output of
0 5 )ountls per hour per occurant. 7-1xternal a~ihiant air tempipeatura

r~T from oca level to 25,000 fe8t, then decreauinU linearlyj
.i- increasc in altituzeqs to -90 P~ at 5)01 fent. Constant at

aff )ovaLv 50,0010 feet. C3.ql.2,1 an(' 3.9.3)I (rount' Oporation. ZJystervs shall ba capa')1c of clearinag the
w~n!-%i1.vI notlc~~careas rocquirca1 for grouna' !iar.11ling ant'

d ~operation~ Jur~inq anqino w.arza-up, tXtd-inij, ta'.-Off 1anc' Louc4,1owjn.
(3.9.7)

"oto:Parnrar,)h refere'nces are tc, fefrence -* 1.-T-S IC4A.

AN



kefm..tL and Dnf~ou@A@ of .Tran~ansxe Are•as

Deiun o eauircmn.s

" f Nay consist of hot air Jets, double panes with hot air
B panes* double panes with dry air insulating gap,
electrically conductive coatings, infrared radiation, humidity
control of c abin aLr or any combination of these mithods. (6/3.9.6.1)

"on. If overheating of the transp irent area or
any parto eytem is possible under same groun•d or flight
conditions 1 the temperature limiting devices shall. be provided
to prevent this overheating, (6/3.11.3)

SIf hot air is used, the ovorheating effects in occupied
comp nts is to be minimised. If a power operated shut off
valve is used a manual backup shall be provided. When electrically
conductive coatings or infrared sources are used solely for
defrosting and difogLing (i.e.0 not fo: anti-icing) they shall
incorporate an automatic temperature control regulated by means
of a temperature sensing element in the transparent area and
operated by an OCmO-tPU switch. (5/3.2.3.1 and 6/3.11.1.4)

Cho cal U. dit Control* If chemicals are used to control
hu•o•ey or the cabin or transparent area defogging and defrosting,,
coun deratidn shall be given to a continuous system in which the
reactivation process is contained within the system. If a self
reacts vating system is not used the chemicals shall be in a
Sontai ner which may be readily veplaced or removed fnr reactivation.
The m.nimum allowable period between replacements or reactivations
sahall be 10 flights under the maximum condition of moisture remowl,
(6/3.9.6)

mote: Paragraph references are to Reference 5 (II1T.-E-39453A) and
j • to lieference 6 (MIL-T-5C42A).
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4-.

,roas to be Protected. - iad b-pflot windshields. Sensor
windows cor all. inmlight conditions for which sensor operation
is required. (5/3.1,2.2 and 3,1.2.3)

Weather -Cnd;LUod. Ileavy, rain (0.59 Inches per-hour, 1500
micr~ometer masn 4ropltt d-iavtar), snow, and exoisuive raLn
(.16 inches per hour, 2300 micrometer median droplit diammter).(5/3.1.2.2)

Flight, Cond ,oneo A sufficient area shall be cleixred in heavy
rain and in snow under the following ooaditions

(1) ground taxi# take off, landin approach and lendiIg
(2) in-flight refuelling, if required below 20,000 feet

(3) level flight at 1.6 times the stall speed at maximum
weight with flaps and'gear ratracted for Sixed wing aircraft

(4) maximum cruise speed for rotary wing aircraft

"In excessive rain sufficient clearance shall be provided to
enable a safe landing. (5/3.1.2.2 and 3.1.2.3)

Area to be Masud. This in established by rain tunnel tests ona nOCICpO {5/3.I.2.2)

IKMeths. Jet blast, rain repellant or wipers. if jet blast isLused it must provide sufficient flow for all ground and flight
conditions including the minimum power setting* normally associated
with descent, flarej, throttledown and taxi. Excessive window
temperatures shall be sensed and a caution light provided.
(5/3.2.3.2)

II4 I•iotet Paragraph references are to Reference 5, MIL-E-38453A.
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TablI& All

W e hen missions of the aircraft equire low level
S ve o oceans or along the coast (WOt) or over land(insects and dust)* Vertical take off and IsAftowl aircraft As11l

have a washing system for maintaining the Plot nd co-pioto
windshield free of dust. (5/3.1.2.4 and 3.1.2.5)

" te P iige . Iilot and ao-plots windshield and sensor
inI7 3*1*3*4 And 3.1.2.5)

D t Mazxim duration of lee level flight during one mission.
37Y. .7.4 and 3.1.2.5)

"Mict C2_05-aiu e (Nn 120 milligram insect for 20,000 cubic
tiet or r (334,)

Wahn Syte . This shall include a refillable reservoir with
Mainage proVlsLone• a mans for determining fluid level@ and a
bleed purging line or a nonale drain. The washing fluid shall
be non-toxLec nonflainblep non-aorrosLve and shall not have
any adverse effects on the win•shLeld or any other aircraft
materials. If freezing of the washing fluid can occur then

(a) the fluid storage and supply equipment shall not fail as
a result of repeated freese anO thaw cycles

(b) the fluid shall be provided to the transparency in sufficient
quantity when required. (5/3.2.3.4)

Notet Paragraph references are to Reference S, M417-E-38453A.
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Tebi,. A 13

Oxy1en 8v.teu P remenka

Regulators.

rWI 12%~ s An automatic diluter demand-pressure breathing
regulatoInAodsnce with NZL-Rm-24 10 or IZL-R-83178 (aB27S99)
as applicable, shall be installed at each permanent and temlorary
crew station in the aircraft. The pilot's panel mounted regulator
shall be located in accordance with KIL-STD-203. The crew membet's
regulator shall be in the crew memberls field of vision so that
he can readily read the regulator without more than turing his
head and with minimum interference with his flight duties. The
regulators shall be located as close to the stations as is required
to reach the regulator by normal extension of the crew meuber as
arm. The regulators shall be located so that they cannot be
damaged by movement of personnel around them and may be mounted
vertically or horizontally. The panel mounted breathing regulator
shall be installed with flexible hose for both inlet and outlet
ports, so that the regulator may be front serviced for both
installation or removal. (10/3.6.3.1 and 11/3.6.2.1)

Non-panel mounkeds A manual shut-off valve shall be provided
at each orememer station where a seat, chest, or head mounted
regulator is to be used. This valve shall control the oxygn
flow to the regulator and provide means for stopping the flow from,
a defective quick disconnect or a damaged supply hose. Storage
provisions shall be made for chest mounting regulators to prevent
damage or contamination during servicing and ingress-egress actions.
Non-panel mounted regjulators shall be installed as specified by the
procuring activity. (10/3.6.3.2 and 11/3.6.2.2)

Gaunes and Indicators. Liquid oxygen totalizing quantity
ndlioatore snail e provided at the pilots or co-pilots station

of aircraft in which more than one converter is installed, with
a repeater indicator in each isolated flight compartumnts.
The indicator shall be within the normal field of vision of the
pLlot/co-pilot/crew vember so that he may see the gage when in

-:normal operating of flight position without turning his head and
with minimum interference with his flight duties. (10/3.5.1 and
3.6.2)

With gaseous oxygen systems indicating instruments shall be
provided at those crew stations not provided with panel mounted
regulators. Both pilot and co-pilot shall have complete indicating

4a instruments while the other crew members shall have only flow
indicators, except when mask, helmet or chest mounted regulators
provide obvious evidence and sensorial perception of oxygen
flow. Each additional crew compartrent shall have a pressure gage,
A pressure gage shall be provided in the passenger compartment
so as to be readily visible to a crew member. (11/3.5.4). Notes
Paragraph references are to Reference 10 (MIL-D-19326?) or 11(HZLD-6833).
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Table A 13

OxYgen, System Re uirement1 (continued)

Location. The oxygen equipment, tubing, and fittings shall belocatedas remotely as practicable from fuel,. )ai-% ra. a• "
water injection, storage battery.- vystems, eM&4s stbkl . :manifolds, electrical and radio systems. Insofar as'p4rotitable,

* oxygen liner shall not be grouped-with Tlines carrying'il*mkabl-e
fluids away from oxygen lines, fittings, and equipmevt. Whunoerpossible, cylinders shall not bein line with theý plane at xota.ionof a turbine or propeller. Components of the ox'gen system lhallnot be installed where they will be subjected tot6emperatutea
in excess of that specified in the individual component specifi-cations, and no part of th3 system shall be ins&alled •n an areawhich will be 8 ubject 8 d to a temperature of 250 F (121 C) (gaseous
oxygen) or 350 F (176 C) (liquid oxygen) or greater. OQ,,gen -
cylinders or converters shall n,.t be located near equipment 'hat
dissipates a high quantity of heat. (10/3.5.6 and 11/3.5.5).

If two or more gaseous oxygen cl-linders are installed theyshall be separated as much as practicable to minimize combat
vulnerability. (11.3.6.1).

Fillin The installation shall also provide for replenishing
e oxygen sypply by connecting an external filling source

located such that the time for gaining access for connecting
the external filling source shall not exceed one man minuteand shall not create a hazard for servicing personnel..
i0/3.6.1 and 11/3.6.1).

Note: Paragraph references are to Reference 10 (MIL-D-19326F
and to Reference 11 (MIl-D-8683B).
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APPFNDIX B

I EXAMPLE, OF TEST INFORMATION SHEET
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1.1 PDR 5I73-47, 40M FCokpi Air lov res and reaericati Con frluc Subtosystere.

experienced inflight," 20 October 1972, ANTIC.

1.7 AFFTC 115 AFPE #5, 1 Key 1973.

1.6 F-I5 AFDT&B Plan, AFFTC. Idwarda API, Ca., July 1972.I. DR 117-107, "Insufficient cooling airflow at lo pwr eting$ to :::i:.g

1.0Trsol iiIaueAeia Conference o oenetlIdsra

1.2DR 3-3, "ECS Ground cooling fan failures," 1 Decembr 1972.

1.14 DR 47-41, 'Iftcessive I9CS component failures," 19 October 1972.

1.4 IL-A-83ll6A, "General Specification for Aircraft Air Conditioning Sub-
amiiiwas." 31 March 1971.

Cr '-1flA328A083A (5), F-IS Avionics iubsystem; September 1973.
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As eef.



1.0 j"I E - WM MSR 41 i A

The KCS provides tooling and pressurization, as requitred, for I

anti-6. camopy "*eI, and fuel pressutiettiou. The ICS not .f Ocos 91
high temperature, high prsesure thirteen~th,, Stope *pename
pressor bleed air from either or both engines. Engine blood air posesse :t~teug the
primary heat exchangers and is cooled below the auto ignition temperature otfifel,
oil, and hydraulic fluid prior to passing through the engine gompartmemt, firqmull.
The Air Cycle Aix CndiAtle~ag Subsystem (ACAMI) takes this preconditioned bleed air
and further conditions it to meet cockpit and avionics environmental requirotes .
The systala incorporates a liqmid cooling sytom, to? the radar transmitter. 11he cook-
pit will start to pressurire at 8,000 feet PA and maintain a cabin pressure altitudet
of 8,000 feet until approximately 23,100 feet. Above. tl,l06 fect the cabin repla-
tor maintains a 5 PSID below the actual aircraft altitude. Some modifications to
the original ZCS are: removal of the liquid wain repellawt system, removal of the
ground cooling tan and replactmnt with ejector'nossles on the secondary heat e;-
changer. and redesigned cabin and avionics control valves, controllers, sensors*' and
ctie autogenous temperature control system.

3.0 OVERALL OBJECT!YE..

ko determine whether the Envitonmental Control System of the F-1S is operattionally
sI uitable. Teats itill be conducted primarily at the AFFTC, with some of the test
obj)ectives being repeated under extreme environmental conditions in the climatic
laboratory, Alaska, Panama, and El Centro, California. Specific objectives will be4 xpauded at a later date to include extreme environmental conditions, where ap-
plicable.

j4.0 SPECIFIC OBJECTIVUS:

L 4. 1 OBJECTIVE: Evaluate the normal operations of the ECS .Zhroughout the design
flight and ground envelope of the F-I5 aircraft.

4.1.1 Reurmn Ifr~s Ref. 1.1, 1.2. 1.3, 1.4, 1.7, 1.8, 1.10 and 1.11

4.1.2 Test Conditions: All altitudes up to the operational ceiling of the air-
craft and all airspeeds up to Vmax at various altitudes. Ground runs with two
engines and single engine will be performed. A ground run following a heot
soak will also be conducted. All points will be on a ride along basis. Spe-
cific conditions to be flown are:

Flight C00d, Power Setting Kaneu3wr

'STakeoff Nil field elev. to 20 ACL

DesentalsibAs eqWeapons delivery mOwd WIol-

f4. AOL recovery)
-Cruise .Ji ,000 PA level
Wax: Al00 SOAGE, level
cruise lux andawasce .0000 PA lsevl,
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APPTC UoS? MOOPSIM~lO IWN? -b M.I. . .. .. .. . . ... ....
*.€..,,,y -- =f •- .m .. I IIIB

L Flight il& izr 1a
Cruise . man Idareate 35,000 PA level
"Cruise MM Badurecst .50000 PA level
V~ex A9 so 1000 PA levet
Rapid %ecent %, lNOd 30,00 P& to 1,000 AOL
Normal scent As 'd 50,000 PA to I.O0 AOL

4.1.3 Itst Procedure: During all flights the pilot wil utiliUe the NX ad
monitor the performance of the ICS for adequate coolag/bheatings prwesurination,
airirov, anti-togaing, fuel tank pressuriLatLon (toeetng), fumes, etc. The
pilm. vill report any discrepancies, and, it eqropriate, te will teko an tn-
strumentattno record. Automatic and etnual ,temperature soattet aodes will also
be t vestigated by selecting various setttngs and allowing terpoetate aend flow
ratob to stabiltie.

4.1.4 Svpport* equtIre!Mts: Telemetry, when aveilable to support the primary
objectives.

4.1.5 %ata Pilot comments, time history plots of selected Parmiters in
Table 1.

4.2 9BJfCIVZ: le luatt cockpit envtroamant for saoke ad fumes throughout AFDTIdt
program.

4.2.1 Reaulremeat Reference: Ref 1.1. 1.5S and 1.10.

4.2.2 Test Conditions: Same as 4.1.2.

4.2.3 Teta Procedures: Son as 4.1.3.

-I 4.2.4 Sunoort seutremeats: Same as 4.1.4.

4.2.5 Dat: Same as 4.1.5.

4.3 0MM•J, V: ,,elvat, ability of the ,8 to prevent airflow or presurietteOw

4.3.1 Recuirepent B(oerences: sf 1.4 aad 1.6.

71 4.3.2 Tgt ¢oltttons

Press Alt Airspeed 11wettle(s)

Gremd 0.0 64 - NIL -*" 1 .M

1 0M•0.4 7 - NIL - so a
asI I I?-L-S 314M 0.9 . L W .lT

L 4131
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APC TEST I-PORMATIUA .. ..

* range will be maxit.u allowable by oewuatoer. 41
"trequie engtaIe soequene nuaber 036 or subsequent. 41 o .A.

4.3.3 Teiu Fr.ajMurea: Itabilime at points in per& j L1
4.3.2 and make rupid throttle avemants, first with one oAT
throttle at a time, then with both throttles simulteneous- 31 October 1973
ty. If ECS seurtes are encountered, repeat maneuver with air source selector In
LEFT, a" in Rt I0T to try to isolate which bleed air system is ctaosiss the proble

4.3.4 SUnnort RM aremnta: Engines with fast acceleration package (036 or
subsequent are requtred.

4.3.5 RASA: Time history plots of selected parameters listed In Table 1.

4.4 0BJCTVR: Evaluate cockpit environment during gun firing missions throughout
program.

4.4.1 RearementeReferece Ref 1.4 and V.7.

4.4.2 Test Conditionp and Procedures: Conditions will be on a ride eslong basis
and sa specitfed during the gun ftiring mission. The pilot will conduct the first
several firings on 100% oxygen and take air bottle samples before and following
the firings. The air bottle samplings will be taken to determine if the cockpit
is free of noxious or toxic fumes. During the remaining gun firings the pilot
will place his oxygen regulator on normal oxygen.

4.4.3 Seupport Requirements: A safety chase, gas sample bottles installed in air
craft prior to flight (cabin contamination level - Seq No 55 or WQ953), and gas
sample analysis.

4.4.4 Data: Pilot comsnts, results of gas sample analysis, and time history
plots of selected parameters from Table 1.

4.5 OBJECTIVE: Evaluata ability of the ECS to maintain a proper cockpit pressur-
ization schedule.

4.3.1 Requirements References: Ref 1.1, 1.2, 1.3, 1.4, 1.6, and I.$.

4.5.2 Tent Conditions: A military power climb from approximately 5,000 feet
PA to 50,000 feet will be accomplished.

4.5.3 Test Procedures: .A military power climb at about .88 IMu will be performsO
beginning at 5,000 feet PA. During t'e climb tho pilot will mark the altitudes
itt 2,000 feet increments, i.e.. 8K. 10K, 11K and so on. if possible, the pilot
Will also road out cabin altitude during the climb. Pilot will level off at
50,000 feet and after approximately 30 eonds perform a rapid descqnt.

4.5.4 SLpuort Requtirements: Barometric pressures and temperature information
for altitudes up to 50K from the weather service.

4.5.5 Dktal Pilot comments. data from weather service, time history and tab-
= - ulated values of SC 40 and SC04.

+o, OB • 0JECTIVE: E'valuate th, ability of the IC8 to provtdis arA maint, i comf~twale

emperatures and humifity ranges throughout the flight irdvelope.

1 4.6.1 Ra•qairegMte Referegne: Ret 1.1 and 1.4.

132



4.6.2 Tu tutoi The conditions willi be those on 4F r X M3  a"- iht alll 4I i tu d ' up to the ope ato n at to f a t
celi~and I all airpeeds Up to V"s at Various aititi~~e S i

These pI nt wvill be on a rids along besis.
31 cto~r1973

4.6.3 Tettacdrs Throughout the fl ight envelope,
tepilot will oeoplo tesiperature and beidtty Conditions bky taking a record
wihthe ormuord instrumentation package. Records vail be gode uping selecAed
ttgs th mperature cSYt*e response c•o enams

,ill also be detemined. These tests ViII be conducted in both auto aid manual
teprature e.ntrol mde, and em ,egency vae t O, mi.p)/bld sit .conditions.

4eeo. Or.al6 7-15 b. 31, oudoard instrumentation met on alter-
natie p rogram io 5) for -recording teOperatures.

4.6.5 fr c Time history plots of parameters listed in Table 2.

4. t pilot vii Deripts the cockpit depressur lsdton, represburikation, and leaka$*
rates.

4.7.1 Readir sment to Refprnc: Ret 1.1 and I.$.

4.7.2 Test Conditions: REmergency cabin pressure dump and ventilation wili be
aeletted at the following conditions:

Pre.urm e Alt (feet, IPA Indicated Macb No.

3.500 0.33
3.000 0.41
5,000 1.11,
10,000 0.37
10.000 1.13
35,000* C.90
60,000** 2.00

*Cabin leakage test condition.
""pilot wil wear pressureu "it.

S&4.?.3 Trest Procedires: smergency dump and ventiiation will be selected at the
"stabiliz.d test conditions listed In pare 4.7.2. For the 60,000 feet point the
pilot is required to wear a full pressure suit, which will he checked out during
the climb at approximately 33,000 feet. Depresaurizetion and pressurization

Jrates will he calculated. At 35,000 feet and approximtely 300 KIAS the pilot
will witch bleed air source to OFF position. Cabin dump will not be selected.

e, The pilot vill maintain 35,000 feet until the cabin attitude equalites with the
aircraft altitude.

4.7.4 eF uel pree ssu e suit (only the 60K test point).

4.7.5 e: Time history plots of selected, paramters listed in Table i, end
pilot cmmets. Centractor data will he used for the ,0,000 fii ot test Point.

4's eUM MI Determine the capability of the ep to provide adeqate tess peratureo
and flow rates to avionies q tu 3s,6 h ees and te mi oimie tG"estaU0es varianhes.
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4.8.1 Reference asehu-ita: ef 1.1, 1.2, 1.49 1.9, 141
F ond 1.13. of U P~t

4.8.2 Test Conditions: Sam an pare 4.6.2.
31 Octoeber 1973•

4.8.3 Test Procedures- Similar to pare 4.6.3; however .
emphasis will be placed on the avionics air supply. All avionics equipment,
except for ICS (Internal Countermeasures System) will be in operation. The ICS
cooling airflowhas been provided; however, it cannot be evaluated until actual
ICS equipment hea been installed in the aircraft. The radar *hall be placed
Sin Long Range Search (IRS) mode with Medium Raenge Missile (?MU4) selected. The
cabin and avionics teomeraturo/flow controllers will be set on schedules as
determined by the contractor (set prior to flight). The pilot wilt observe and
note anytime the AV Hot Light illuminates.

4.8.4 Support Reauirements: Same as 4.6.4 plus temperature decals in a range
of 110 - 180 degrees F to be placed in avionics compertments.

4.8.5 Data: Pilot comments, time history plots of selected parameters listed
in Table 1, aod post flight readings from temperature decals in the avionics
compartments.

4.9 OBJECTIVE: Evaluate the ability of the anti-fog subsystem to prevent formation
of frost or fog in the mission essential transparent area of the windshield/canopy.

4.9.1 Requirements Reference: Ref 1.1, 1.2, and 1.4.

4.9.2 Test Conditions: The test will begin with a cold soaking of the air-
craft for at least 30 minutes at 40.000 feet NSL at about 250 XIAS (.82 INN).
Then a rapid descent to 1,000 feet MSL (or AGL) will be performed.

4.9.3 Test Procedures: The aircraft will proceed out to the PMR at or above
40,000 feet at approximately 250 KIAS or as consistent with engine placards. A
rapid descent at a -60 degree pitch angle with engines in idle and speed broke
extended will be performed. The aircraft will remain subsonic and initiateI. pullout above 6.500 feet MSL and recover no lower than 1,000 feet HSL. The
descent will be made vith the temperature control knob at a selected setting.
If during the descent frost or fog begins to form, the pilot will select a
warmer position on the control knob that will eliminate the condition.

4.9.4 Supnort Reouiremehts: Onboard instrumentation and safety chase.

4.9.5 Data: Selected time history plots of measurands from Tabia I, pilot
comments, end ambient conditions from Weather Services i.e., temperature.

humidity, barometric pressures In vicinity of tests.

4.10 QOJE.Lfl: Evaluate the capability of the oxygen subsystem to provide out-
ficient oxygen throughout the aircraft's flight envelope in normal, 1001, and pres-
sure demand.

4.10.1 Reautrements Reference: Rtef 1.1 end 1.8.

II 4 .10.2 ,Tg g&W" f,: sae as pays 4.1.2 and 4.6.
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4.Ia Ltit zSt~haztI The ouynes subsystem wilIl be 4

S1• Pt~~i ~evaluated nul a ride alng Mal a t till po intsIof a .. ,u..,. ,,, Vasa Of -.,,.i

aircraft operations to include emcabin dump points

whit reuir prssue deandaboe 3.0 feeot pressure UAiV

aliue 31 Ocoe 1973 I II i•.Il J

4.10.C SSoTort Reeuire-M s Novno

4.10.5 Tjt Pilot coements.

eval t on. , Determine any trense towards pearly or excessive RCo component

4.11.1 ROLirtemeo t RefeitiSO: Rot 1.1, 1.4, 1.t, 1.11, 1.12, and 1.13.

4.11.2 Teut C enditinne- ao specific test conditions required.

4.11.3 T est Procedi1res! lbs KCS will be monitored for proper operation on all
f I I[tits.

4.11.4 S"Rnonrt Regoitrementa: Access to MCAIR maintenance records and infor-

mation from Lte Ft. 15 data retrieval system.

. 4.11.5 Date: Pilot and maintenance coments, time history plote of selected
parameters In Table I if a system failure occurs.

*12 O3JE(TF[W: Fvaltsate the ability of the ECS to provido adequate cooling airflow
to the Internal Countermeasures System (ICS).

4.12.1 RequArement References: Ref 1.1.

1 4.12.2 TLst Conditions: Conditions will be on a ride alon, basis and as
specified during the Tactical Electronic Warfare. System (TItWS) missions.

4.12.3 Test Procedures: .Throughout the ground and nl Ight envelop". the pilot
will take records of the I CS temperatures and pressures. For groend operations
the ICS will be in the standby mode and records will be taken under varying
ambient conditions. During ICS operations records will also be taken at ..elocted
conditions with all avionics 0OW. In, addition to the patsarsters Aisted in Table
3, temperature dcacls in the range from 110-180 degrees V will be pieced on the
ICS units.

4.12.4 ESepolt Renuirements: Same as 4.4.4 plus F-15 No. 10.

4.12.5 JDj•g: Pilot cnmients. ttime history plot* of parameters listed In Table
3, and post flight readings fromt temperature decls in 14S compartment.
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A1PPRNDIX C

ANALYSIC, EVALUATION AND PRESENTATION OF TST RESULTS
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INTROI)UCT ION

The final report will give a brief description of the env.ren-.. mental control system, explaining the6 basic logic of-itse-operation

and its principal ating, odes. The report will then discussin tur 'n. each component of the system (bleed air systemr cabin"
pressurization and so on). The general approach will be tot

a. describe the component and its function

"" b. present the evaluation criteria

C: describe the test results

Sd. state whether the evaluation criteria were met

When the criteria are not met enough detail must be provided
to effectively define the shortfall in each case. Tabular summaries
will be given where appropriate, time histories will also be given
with attention drawn to the important parameters. Photographs
should he used where appropriate. A general format is suggested
below followed by a discussion of functions, evaluation criteria
and pertinent parameters for each component. The writer should,
however, be familiar with and conform to current report format rules.

FORMAT

Test ObJectives:

State that the objective is to determine whether the com-
ponent meets its specific requirements and also whether it is
operationally acceptable. A brief summary of the specific
requirements may be desirable.

Description of Test Item:

A short description should be given of the component being
tested, supported by a schematic. Describe its various operating
modes, including operation with partial failure and emergenby
operation as appropriate.

Test Methods and Conditions:

- Describe these in general terms. Details of the tests are
probably best combined with discussion of test results.

Test Results:

Present results in narrative form, including a short statement•i •of overall results and trendp' supported by tabular and graphic

data as appropriate.

141 "
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WI _ _.. ,_,'
Narrative.

Summarize overall results and conclusions with qu&Xifyinq
remarks as necessary, If- the-*!nmohnent is satisfa•.ory, O-'Utote.,
Discuss deficienaies in-sufficient dLtaiA •'oeffe• l i neA'
the problem. Service Ropotts '(.~)subiftitted durijv, -hg

program should, be, referenced and discussed as ap&rpr ate,, I•¥
be desirable-to include copies of all SRs a. an Appendix.

Tabular Data.

Present tabular summaries of the tests conducted which should
include:

1. Flight identification (date, flight number, aircraft, etc.)

2. K~ey parameter for the specific component and test

3. Comments as appropriate

Graphical Data.

Present time histories of dynamic tests as appropriate. Use
photographs to illustrate problem areas and deficiencies.

BLEfED AIR SYSTEM

The bleed air system consists of the ducting and components
that pass high and low pressure bleed air from the engine parts
or other compressed air sources to the verious subsystems that use
bleed air. These sources may include any/all engines, an Auxiliary
Power Unit and ground support equipment.

Test Db'ectives:

The test objectives are:

1. to determine whether the bleed air system provides air
at the flow rates, temperatures, pressures, moisture content
and priority required by each subsystem or component using
bleed air

2. to determine whether the bleed air system can-provide
the maximum required combined flow under the mose adverse
conditions (e.g. descent at idle power)

3. to determine whether the bleed system meets other per-A
formance and design requirements, summarized in Tablos AlA
and AIB (page 91 and 92) i

4 I4. to evaluate the bleed air controls (shut off valve',
cross over, etc.) provided to the crew
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Key Par..etirs,

These are

1. bleed air system configuration

2. flight conditions (if airborne)

3. engine settings

4. pressure, temperature and mass flow of air delivered to
each using subsystem/component

5. pressure, temperature and mass flow of air from end
rogime/APU

6. moisture content, where applicable

7. contaimination

8. ground and flight crew comments

PRESSURIZATION OF OCCUPIED COMPARTMENTS

The basic functions of the pressurization system is to
provide a comfortably low pressure altitude in the occupied
compartments of aircraft with operating altitudes greater than
20,000 ft. For cargo and personnel transports, navigation
trainers and early warning aircraft the cabin altitude is
controllable by the flight crew. For other types it is to be
controlled automatically. Performance and design requirements
are summarized in Tables A2A and A2B respectively (pages 93 and 95).

Test Objectives:

These are:
1. to evaluate compliance with the general requirements
summarized in Tables A2A and A2B

2. to evaluate compliance with any additional, aircraft
peculiar, requirements

3. to evaluate operational acceptability

Vey Parameters ,

1. bleed air system configuration

2. cabin pressure control configuration

3. fligh, conditions
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4. engine settings
5. compartment pressures

6. rate of change of press~we altitude

V 7. pressurization air flows

8. for pressure release tests,, time to depribusurize,

9.* leak rate (see Appendix D)

EQUIPIM-17T PRESSURIZATION

The function of the equipment pressurization system is to
provide, automatically, the pressure environment called for by
the electronic and other equipment. Equipment pressurization
requirements for the aircraft type under test are given in the
airctaft and item specifications and in the specifications of
individual items of equipment. Equipment using free convection
air cmoling will conform to general standards defined in
MIL-E~-540OT. Equipment using other cooling techniques will
usually have its own requirements.

Test Objectives:

These are:

1. To evaluate compliance of the equipment pressurization
system with requirements

2. To evaluate operational suitability

K~ey Parameters:i

1. system configuration and operating mode

2. Flight conditions

3. Elngine settings

4. Pressures in equipment compartments

PRESSURIZATION OF RESTUVOIRS AND INFLA~TABLE SEALS AND SUPPLY
OF PRESSUrr. SUITS

This as a miscellaneous group, put together for convenience
in writino; this Handbook. It is probably best to, report tensulte
on these separately.

Inflatable seals are part of the ECS. in the case ofj
reservoirs and suits, however, the function of the ECS is only
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to supply sufficient air at the required pressure and temperature
to, for example, the fuel tank presaurisation system.

Test bhiectivels

These area

1. To evaluate compliance with requirements for reservoir
pressurization over all flight conditions (e.g. fast descent
at idle power)

2. To evaluate effectiveness of inflatable seals, including

effectiveness at maximum differential pressure and minimum
pressure source output

3. To evaluate compliance with requirements of the
pressure, temperature, moisture and contamination
levels of the air supplied to anti g suits or pressure suits
Key Pia.s.te A

1. System configuration and operating mode

2. Plight conditions

3. E.ngine settings

4. Mass flows, pressures, temperatures, moisture and
contamination of air supplied

5. Crew asments on suit operation

AIR CDNDITIONING O OCCUPIED COMPARTMENTS

The system which air conditions occupied compartments is
usually quite complex and the requirements it is to meet are
demanding. Testing of the system may take up a substantial
proportion of the total ECS test effort. In general, testing
will address two areas

1. Temperature distribution - uniformit, of air temperatures,
temperatures of flows and radiating panels.

2. Performance under stresing conditions - cool down after
hot soak, heating after cold soak, temperatures during extended
cruise of loiter.

T"est Objectives:

These are to evaluate overall operational suitability on,!
to determine whether the system complies with the performance
and desiqn requirements summarized in Tables ASA (page 100) aid
ASn (page 102). The performance requirements include the fol:.owingi
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1. Ventilation rates to be at, least 20 embie faet per ,
minute (cfm) per man for- all opecating ftfiutri6ns Yaw at
leas t 1.8 times the maximum allowable production _0eakat rate
for all pressurised operations. Air velocit t eiam 4ii
personnel not to exceed 300 feet per minute (fpm).

2. Radiating surfaces not to exceed 105 degrees F ne
seated personnel daring pressurUed flight,, eid•40 Aegrees F
for all other locatict and conditLons.

3. Air supplied to the occupied comp9rtrants to be free
of entrained moisturz•.

4. Air supplied to the occupied compailtunts to be free
of excessive contamination.

5. The automatic temperature control to maintain the average
compartment air temperature to within +3 degrees F of selected
settings. Temperature variations between any two points in a
seating envelope should not deviate more than +S dogrees F from
the average cabin temperature. Temperature diTferences outside
the envelope not allowed to vary more than ±10 degrees F average
cabin temperature.

6. Floor temperatures to be mainta..ned above 60 degrees F
average, with no location less than 40 degrees r.

7. Average cabin temperatures to bo. maintained-between 45
degrees F and 90 degrees F for unpressurixed flight and
between 70 degrees F and 90 degrees F during flights with
an inoperative ACM.

8. The cooling equipment to have sufficient capacity to
maintain average compartment temperature at 70 degrees F except
that it may be 80 degrees F for transients lasting less than
30 minutes,

9. Heating equipment to be capable of maintaining an
average compartment temperature of 80 degrees F.

10. The ECS is to be compatable with the service equipment
called for in Technical Orders.

1Key Parazmters:

1. System configuration and operating mode

1]••' 2. Flight conditions/ground conditions --

3. Engine settings

4. Temperatures in seating-envelopes
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S. Average temperatures in ocupied ompastments

6. Temperatures flows and of radiating surfaces
7. Compartment inlet temperatures and flows

. Air velocities at crew positions

9. Contamination and noise

* 10. Crew comments

EQUIPIT UTDION• 1G

Equipment requirements cover a wide range and some item such
as radar transmittersp impose high loads on the cooling system.
Equipment cooled by free convection air cooliang is subject to a
standardised -set of requirements (NZL-R-5400) but other item of
equipment have their own specifications for cooling, The require-
ments the equipment conditioning system Is to meet should be found
in the aircraft end item specifications and individual equipment
specifications. The final report must include a description of
the equipment conditioning system and its operating modes and an
overview of the requirements it is to meet.

Test Objectives:

These aret

1. To evaluate compliance of the equipment conditioning system
with specifications i1k both flight and ground operations

2. To evaluate operational suitability, including any adverse
effect of any constraints imposed by equipment conditioning on
a. .pment operation.

3. To evaluate compatability with support equipment called for
in Technical Orders.

Key Parameters:

1. System configuration and operating mode

2. Flight conditions/ground conditions

3. r~ng.*. settings

4. Equipment heat loads

5. Weight flow, pressur*e temperature@, Iiisture level and
contamination of air flow in and out of equipment compartments,
heat exch - rs etc.
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6. weight flow and teauMratures in liquid cooling loops,
in to and out of heat exchangers

7. *Water and potential funqus problems

8. Crew comuments

A'ITI-ICINr, OF NON TRANSPAPRN. AREAS

If anti-icinq is required on Air Force airplanes it is usually
limited to areas such as ECS air scoops or radomes. Flight
evaluation of such protection would use one of the AFFTC tanker
water spray systems.

Test ObJectivest

To evaluate the ability of the anti-ice system to iaaintaia
satisfactory operation of the specified components un6ar thu
flight conditions defined in the aircraft requirements, for
the meteorological conditions defined in Figure Al. (page 123)

Rey Parameters:

1. Flight conditions

2. Ar)iont air temperature

3. CouIponent performance parameters (including temperature of
anti-icing and/fluid, surface temperatures and electrical power
if applicable)

4. Position of test aircraft relative to tanker

5. Liquid water content of spray

6. Photo records of ice huild up

7. Cre, Comments

A4TI-ICING Or' TRMISPAREN!T AR1EAS

Anti-icing protection in required for the windshield,
* bombardiers panel (if any) and other "mission essentialu areas.

iFlight evaluations of this protection will usually use the AFFrC
* 'iiater spray tanker.

Test oblectives:

These are to evaluate the ability of the anti-ice systkem to
protect mission essential areas for all conditions of flight
for the meteorol'gical conditions suamarized in Figure A2, (page 124).
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1. rlight conditions
2. Ambient air temperature

3Co amponent perfoumance parmters (including temperatures of
ant-i Ng, air/fluid, surfaoe tempecature• amd e-lectical Vmwer
if applicable)

4. Position of test aircraft relative to tanker

5. Liquid water oontent of spray

6* Photo records of ice build up on transparent areas

7. crew oommnts

DY. ROSTING AND DFOIGWN*G OF JL•PAIMtPAlr ARMUM

Defrosting and defogging capability an required for wind-
shields, bombardiers panels and all other mission essential
areas for all flight conditions and in taxiing. Areas to be
protected include those needed for taxiiiq,

-Tot objectives

These are to evaluate the ability o! the defrost/defog
system to protect all mission essential ransparent areas during
taxiing and under all flight coneitions.

INey Parameters:

1. Flight conditions and flight profiles (e.g. Last
descent after cold soak)

2. flefog system operating configuration

3. Defog air temperature and mass flow (if hot air used)

4. Curface temperatures

5. M4oteorological conditions and temperature and humidity
in cockpit

6. Crew comments (including Impact. of system on rew comfort)

7. Photo record of frost/fog build up

Rf.BOVAL OF RAIN AND SNOW FIOM TRIA3PARENT AMA

Pilot and copilot windows are to be protected against heavy I
rain or snow, and sensor windows are to be protected for all
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conditions for which sensor "pration isi requised (Table A10. page

). windshield protection against *ocssv rain" is to be
sufficient to enable a safe landing. fteY rtin in 0.59 inches
(l.Scm) per hour (1500 micrometer median dRoprlet diameter) and
excessive rain is (1.6 inches pit hour, 2300 micrometer madian
droplet diameter) * Flight tests will be %ade when suitable weather
is availpible. Simulations will be conducted using one of the AFFrr(
spray tanktes and pessiby in the Clinatic Laboratory.

Test Objectives,

I, These are to evaluate the protection of transparent areas
against heavy rain, excessive rain and snow. Protection against
heavy rain or snow is to be provided fort

1. T~axi, take-off, landing approach and landing

2. wlight at 1.6 times the stall speed at maximum' weight
with gear and flaps up (fixed wing aircraft)

3. Plighit at maximum cruise speed (rotary wing aircraft)

4. In flight refuelling coneitions, if refuelling Is required
below 20,000 feet

Protection against excessive rain is to be sufficient to enable
a aiafe landing

1. Mlight conditions

2. Rainfall rate

3. Jet temperature and mass flow (Lf air jets used)

4. Surface temperatures in impinge ient area

5. Crew commewnt on protection

C. If feasible* photographic records of the clearance

PROTflCTIOU AGAIIIST WSTr SALT AND INSECTS

Protection is required. for pilots and copilots windshields
and for setsor windove on airoraft where mission requires low level
flight over the oceans or along the coast (salt) or over land
(dust and insects). All verti1-cal taki'of f and landing aircraft
are to have protection for the pilot and copilots windshields
(Trable All, page 119). Plight test.; to evaluate the protection

* ~will be condaicted when weather/sea conditions are suitable.j



K! Telt Obiective.at

These are to evaluate the protection in relation to requirevents.

L!eU P=armetersa

1, Plight conditions

2. Weather conditions

3, Sea state (for salt protection)

4. Area successfully protectedj15. Flight and maintenance crew comments

OXYGEN SYSTr.8M

These will be evaluated during normal flight missions and
-. servicinq. Requirements are sumumarized in Table i'13,

Tost-O'bjectives:

These area

L1 To evaluate the oxygen system for proper functioning4 •throughout the flight regime, in normal and c mergency modes

2. To evaluate servicing and maintonance

3. To evaluate clarity and convenience of crew control

I 1rey Parameters:

1. Functioning in normal operation

2. .'unctioning during depressurixation

3. Crew comments on controls

4. E.ase and safoty sf servicinq

T+1

I . IS
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APPENDIX D

MESURM!ENIT OF LEAR RATES

OF OCCUPIED COMPART E)1'1 S

V it
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The usual equation for the density of a *perfect* gas is&

p a p/(RT)
Where p - density

p - pressure
T a absolute temperature
I - !gas constant"

Since the mass (N) of air in the compartosnt is equal to the product of

the density and the campartent volume (V) we may writea

N a VP/ (T)

Accepting the usual engineering mix of units, as follows:

K - hbs mass
V a cubic feet
P - pounds force per square inch
T - degrees Rankine

This equation kecomes:

M - 2.70 VP/T
- 2 .70 V(P + AP)/T (DI)

Where Pa w awbientpressure

AP - cabin pressure differential

Differentiating this equation we have, since V# T and P are constants:a
d" 2.0Vd(Pa +d 0P)

7.' - ~2.70V d (2

Note that the same time units must be used on both sides of this
equation.

To determine the initial leak rate, at nominal differential
pressure, the simplest procedure is to plot the differential pressure
against time on semi-log paper and determine the initial slope. If
semi-log paper is not available one may plot log (AP) against time
and then determine the initial slope of this curN. To use this we
note that:

Slog1 0 (a) 0 log 1 0 e loge(AP)

and hence

S(lo0 t(?P)] - (loglO'e)Q{o.og.(]

1 d,(n,)(lo1 09)04)
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That is:I1 d l ]
Substituting in equation (D2) we novw have:

- 2.70V(P)-. d o 0(AP) (D3)

Where AP and the slope are evaluated at tiLe zero

"Figure Dl shows data from AFFTC-TR-81-26 plotted in this manner,
giving:

RE [llo(AP)" -0.017

AP - 2.84
V- 6
Tm 518

and hence:

SdM 2.70 286 x 0.017i •- =5s'- 65 xx 0.034

= - 0.0381

J This corresponds to 2.28 lbs/min
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IZ 7

Time Cabin Pressure Cabin Diff Log1  (Diff
Ws-psa Pressure Pesure)

0 11.14 2.84 0.45

5 10.65 7.35 0.37

10 10.33 2.03 0.31

15 9.90 1.60 0.20

20 9.60 1.30 0.11

[F25 9.33 1.03 0.01

30 9.14 0.84 -0.08

35 8.92 0.62 -0.21

Air Temperature (T) -518%R

ICabin Pressure (V) -65 c. ft. I

rigure DI Determination of Cabin Leak Rate
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